
'USIFICATION CHANGE 
UNCLASSIFIED 

- I 

To 
By authority o f y a  Gp L/ 
Changed by 
Classified Document Mastdr Control Station, NASA 
Scientific and Technical Information Facility 

Date 7-7s L . ish i rlw 

NASr- 21(10) 

MEMORANDUM 
RM-4489-NASA 
MAY 1965 

APOLLO LAUNCH-VEHICLE MAN-RATING: 
SOME CONSIDERATIONS AND 

AN ALTERNATIVE CONTINGENCY PLAN (U) 
E. D. Harris and J. R. Brom 

This material contains information 
within the meaning 
transmission or the 
prohihited by law. 

This research is sponsored by the National Aeronautics and Space Administration under 
Contract No. NASr-21. This report does not necessarily represent the views of the 
National Aeronautics and Space Administration. 

defense of the United States 
Secs. 793 and 794 the 
unauthorized person is 

I 7 0 0  M A I N  S T  . S A N l A  M O N I C A  * C A L I F O R N I A  * * O L O o I  



PREFACE 

This Memorandum identifies and discusses some considerations in- 

volved in man-rating the Saturn 5 launch vehicle for the Apollo pro- 

gram. Because possible delays in the man-rating schedule would delay 

the lunar landing, this Memorandum also suggests a contingency plan 

that would allow the Apollo lunar-landing mission to be carried out 

without using a man-rated Saturn 5, but otherwise using Apollo systems 

in nearly their normal configurations. 

cept; numerous technical details remain to be solved. 

to provide background information and operational-planning suggestions 

to those in the Apollo program at the policy-making and program-guidance 

leve 1. 

The plan is developed in con- 

The intent is 

Although the study focuses on Project Apollo, the problem consid- 
ered and the suggested solution would apply in concept to other manned 

space programs. Therefore, the usefulness of this Memorandum could ex- 

tend beyond the Apollo program to other programs of NASA and DOD. 

This Memorandum documents a brief study for man-rating contingency 

planning for the Apollo program performed by The RAND Corporation for 
Headquarters, National Aeronautics and Space Administration, under Con- 

tract NASr-21(10). 

. 
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SUMMARY AND CONCLUSIONS 

This  Memorandum examines t h e  problem of l aunch-veh ic l e  a v a i l a b i l -  

i t y  f o r  manned Apollo f l i g h t s .  The e x t e n t  of t h e  launch-vehic le  f l i g h t -  

t es t  programs f o r  t h e  Apollo program is examined and compared w i t h  those  

of  Mercury and Gemini. It is found,  f o r  example,  t h a t  i f  one ignores  

t h e  l a r g e  number of missile launches  f o r  Mercury and Gemini, t hen  t h e  

e x t e n t  of t h e  unmanned f l i g h t - t e s t i n g  i s  e s s e n t i a l l y  t h e  same f o r  a l l  

t h r e e  manned s p a c e - f l i g h t  programs. Although NASA planning  has  un- 

doubtedly  taken  i n t o  f u l l  account  t h e  s i z e  and complexi ty  of t h e  S a t u r n  

5 launch v e h i c l e ,  t he  magnitude of  t h i s  program is  such  t h a t  one cannot  

exc lude  t h e  p o s s i b i l i t y  t h a t  more f l i g h t s  t h a n  those  p r e s e n t l y  planned 

may be r equ i r ed .  

S ince  t h e  consequences of a n  i n c r e a s e d  number of  unmanned S a t u r n  

5 l aunches  are h i g h e r  c o s t s  and t h e  p o s s i b i l i t y  of mis s ing  t h e  Apollo 

g o a l ,  l u n a r  l and ing  and r e t u r n  b e f o r e  1970,  a cont ingency  p l a n  may be 

d e s i r a b l e .  Although c u r r e n t  Apollo cont ingency  p l a n s  p rov ide  f o r  many 

p o t e n t i a l  problem a r e a s ,  t hey  s t i l l  r e q u i r e  t h e  Sa tu rn  5 t o  be man- 

r a t e d  b e f o r e  t h e  o p e r a t i o n a l  (manned) Apollo mis s ion  can  be under taken ,  

even a t  t h e  r i s k  of  miss ing  t h e  1970 g o a l .  Recognizing t h a t  many of  

t h e  problems t h a t  may postpone man-rat ing Sa turn  5 do n o t  a f f e c t  i t s  

pay load-de l ive ry  c a p a b i l i t y ,  t h i s  Memorandum s u g g e s t s  a cont ingency  

p l an  c o n s i s t i n g  of  an  e a r t h - o r b i t  rendezvous f o r  t r a n s f e r r i n g  t h e  as- 

t r o n a u t s  from a f e r r y  v e h i c l e  t o  t h e  lunar -miss ion  Apollo s p a c e c r a f t  

as an  a l t e r n a t i v e  mode o f  o p e r a t i o n .  

It must be emphasized t h a t  t h e  cont ingency p l a n  d i scussed  i n  t h i s  

Memorandum is not t h e  same a s  t h e  s o - c a l l e d  Ea r th  O r b i t  Rendezvous (EOR) 

mode of  o p e r a t i o n  cons ide red  and d i s c a r d e d  as a p l a n  f o r  t h e  Apollo pro-  

gram; no r  does i t  d i v e r g e  s i g n i f i c a n t l y  from c u r r e n t  Apollo hardware 

approaches and mis s ion  p r o f i l e .  

t o  be t h e  man-rated Sa turn  lB, wi th  p a r t l y  f u e l e d  Apollo Conunand and 

S e r v i c e  Modules as i t s  payload.  

s u f f i c i e n t  v e l o c i t y  p o t e n t i a l  (about  5000 f p s )  f o r  rendezvous,  ca t ch -  

up maneuvers,  and a r easonab le  p l ane  change (maximum o f  10 d e g ) ;  would 

The p r e f e r r e d  f e r r y  v e h i c l e  is found 

Use of  t h i s  combinat ion would provide  
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not significantly affect the Apollo crew-training or life-support sys- 

tems; and need not require any additional procurement of spacecraft or 

launch vehicles to support the first lunar-landing mission. A shroud- 
type device, similar to the Lunar Excursion Module drogue, that allows 
docking of two Apollo Command Modules is the item with the longest lead 

time--about one year. 

gested contingency plan can be delayed until after the first Saturn 5 

launch; this will allow an assessment of the status of both the launch 

vehicle and spacecraft during a late stage of development. 

Thus, the decision for implementation of the sug- 

The consideration of whether the astronauts or spacecraft should 

be placed into earth orbit first depends upon the rendezvous technique 

and the orbital limitation of the third stage of the Saturn 5 (S-IVB). 

It appears that in order to minimize the S-IVB earth-orbit stay time, 
the astronauts should be placed into orbit first (with an alternative 

mission objective in case of subsequent difficulties with the launch 

vehicle). Although this approach lengthens the mission for the astro- 

nauts, it is not critical in view of the anticipated demonstration of 

a 14-day capability. However, the feasibility of accomplishing the 

earth-orbit-rendezvous mission discussed in this Memorandum while re- 

maining within the Saturn third-stage operating limits (about 10 hr) 
needs to be studied further. In this regard, it would be desirable 

for Gemini to demonstrate a fast catch-up and rendezvous operation; 

this would assist in establishing such items as tolerable launch-time 

errors, preferable catch-up maneuvers, and the feasibility of a dog- 

leg maneuver during launch of the second vehicle in the Apollo earth- 

orbit rendezvous. The results from the study of the third-stage lim- 

itations and the above Gemini experiments should be available prior 

to the first Saturn 5 launch (1967) to assist NASA in making a decision 

concerning the contingency plan suggested in this Memorandum. 

The utility of the earth-orbit-rendezvous contingency plan is not 

limited to just the case where a large number of additional Saturn 5 

flights are necessary to satisfy the Saturn 5 ' s  man-rating objective. 

Even in the event that only one or two additional unmanned Saturn 5 

flights are found to be necessary ting, the lunar mission 
7 I?' 

Gubg&j L s j d b  'I' -' 
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could  be a t t empted  ear l ie r  i n  t h e  program i f  t h e  cont ingency  p l a n  sug-  

g e s t e d  i n  t h i s  Memorandum is employed du r ing  t h e  e a r l y  S a t u r n  5 f l i g h t s .  

The t i m e  saved  i n  t h e  above c a s e  may be r e l a t i v e l y  s m a l l ,  i .e . ,  t h r e e  

o r  f o u r  months pe r  f l i g h t ,  i f  t h e  scheduled  S a t u r n  5 launch f requency  

is r e a l i z e d .  However, i f  t h e  launch  f requency  is lower than  a n t i c i -  

p a t e d ,  p a r t i c u l a r l y  dur ing  t h e  e a r l y  phase of t h e  S a t u r n  5 f l i g h t - t e s t  

program, then  t h e  program t i m e  saved by t h e  use of t h e  e a r t h - o r b i t -  

rendezvous cont ingency  p l a n  might be q u i t e  s i g n i f i c a n t .  Hence, one 

o b j e c t i v e  of t h e  sugges t ed  cont ingency  p l a n  is  t o  p rov ide  a means of 

a t t empt ing  t h e  luna r - l and ing  mis s ion  as e a r l y  as p o s s i b l e  i n  t h e  Apollo 

program wi thou t  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  program c o s t  o r  complexi ty .  

The e a r t h - o r b i t - r e n d e z v o u s  mode of o p e r a t i o n  may a l s o  have o t h e r  

a p p l i c a t i o n s .  

s p a c e c r a f t  weight  growth. For example, i f  S a t u r n  5 is  modi f ied  t o  

accommodate f u r t h e r  s p a c e c r a f t  weight  i n c r e a s e s ,  t hen  t h e  use of an 

e a r t h - o r b i t  rendezvous f o r  t r a n s f e r r i n g  t h e  a s t r o n a u t s  would a l low 

ear l ie r  o p e r a t i o n a l  u se  of t h e  u p r a t e d  S a t u r n  5 launch v e h i c l e s .  

One such area d i s c u s s e d  i n  t h i s  Memorandum i s  t h a t  o f  
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I. INTRODUCTION 

The availability of the man-rated Saturn 5 launch vehicle is a crit- 

ical item for the satisfactory accomplishment of the Apollo mission as 

currently planned. The purpose of this Memorandum is (1) to examine some 

of the factors affecting the availability of the Saturn 5 for operational 

(manned) missions, and (2) to discuss a contingency plan that could be 

implemented should Saturn 5 experience unexpected developmental problems. 
A general review was made of the Mercury and Gemini space programs for 

related missile experience, which was examined and compared with the pro- 

grams planned for the Apollo launch vehicle. This background survey sug- 

gests the need for a readily implementable contingency plan that would 

use Apollo hardware with only minimal changes in vehicle configurations 

and mission profile. 

The problems involved in man-rating the Apollo launch vehicle and 

the current flight-mission assignments and contingency plans are dis- 

cussed. 

uations that may be encountered in the Apollo program, they still re- 

quire both the spacecraft and the the Saturn 5 launch vehicle to be man- 

rated before undertaking the lunar-landing mission. 

rating requirements may delay the Apollo mission beyond the 1970 goal, 
an alternative contingency plan is presented that would eliminate the 

necessity for man-rating Saturn 5 but still use the Apol lo  vehicles in 
their normal mission configurations. The effect of this plan, which 

uses an earth-orbit rendezvous, on the present Apollo hardware and 

schedule and on the possible problem of Apollo spacecraft weight esca- 

lation is also discussed. It a l s o  is possible that use of this con- 
tingency plan might result in a significant time savings even in the 

event that Saturn 5 experiences only a minor delay in man-rating. 

Although these contingency plans account for a variety of sit- 

Since these man- 
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11. LAUNCH-VEHICLE MAN-RATING CONSIDERATIONS 

I n  view of t h e  c u r r e n t  dependence of  t h e  Apollo miss ion  on t h e  

a v a i l a b i l i t y  of  a man-rated S a t u r n  5 launch v e h i c l e ,  t h i s  s e c t i o n  ex- 

amines some of t h e  c o n s i d e r a t i o n s  involved  i n  a c h i e v i n g  an o p e r a t i o n a l  

S a t u r n  5 a t  an e a r l y  d a t e .  Apollo is  t h e  o n l y  U . S .  manned s p a c e - f l i g h t  

program t h a t  w i l l  use  launch v e h i c l e s  developed s p e c i f i c a l l y  f o r  manned 

f l i g h t .  The o t h e r  two programs, Mercury and Gemini, u s e d  conver ted  

miss i les  a s  t h e i r  launch v e h i c l e s .  These missi les ,  t h e  A t l a s  D and 

T i t a n  11, r e s p e c t i v e l y ,  were modif ied by (1) e l i m i n a t i n g  m i s s i l e - u n i q u e  

components and (2 )  adding  an  a b o r t  system. S ince  t h i s  convers ion  

d i d  not  a f f e c t  t h e  b a s i c  launch v e h i c l e s ,  t h e i r  r e l e v a n t  f l i g h t - t e s t  

h i s t o r i e s  were examined i n  o r d e r  t o  h e l p  d e f i n e  t h e  problems involved  

i n  man-ra t ing .  These h i s t o r i e s  and t h e  scheduled p l a n s  f o r  t h e  t h r e e  

manned s p a c e - f l i g h t  programs a r e  p r e s e n t e d  i n  F i g .  1. 

The incremental-development phi losophy f o r  t h e  S a t u r n  ser ies  of 

launch v e h i c l e s  a l lows  NASA t o  use  t h e  r e s u l t s  of  t h e  e a r l i e r  f l i g h t  

t e s t s  i n  o r d e r  t o  improve subsequent  v e h i c l e s .  For example, S a t u r n  1 

and 1B have e s s e n t i a l l y  t h e  same f i r s t  s t a g e  ( S - I ) ,  and t h e  second s t a g e  

of S a t u r n  1B (S-IVB) i s  a l s o  used a s  t h e  t h i r d  s t a g e  of S a t u r n  5 ( s e e  

Table  1 ) .  F i g u r e  1, which i n c l u d e s  t h e  cumulat ive number of f l i g h t s  f o r  

each of t h e  S a t u r n  s t a g e s ,  shows t h a t  whi le  o n l y  t h r e e  unmanned f l i g h t s  

a r e  scheduled f o r  b o t h  S a t u r n  1 B  and S a t u r n  5 b e f o r e  t h e  f i r s t  manned 

f l i g h t ,  a d d i t i o n a l  s t a g e  f l i g h t s  c o n t r i b u t e  t o  t h e  development e x p e r i -  

ence ( s e e  Table  2 a l s o ) .  The S - I  s t a g e ,  f o r  example, w i l l  have a t e s t  

h i s t o r y  of  13 f l i g h t s  a t  t h e  t i m e  o f  t h e  f i r s t  scheduled manned miss ion  

f o r  S a t u r n  l B ,  a l t h o u g h  t h e  S-IVB s t a g e  w i l l  have been flown o n l y  t h r e e  

t imes.  Table  2 p r e s e n t s  s i m i l a r  f i g u r e s  f o r  S a t u r n  5 .  

Although t h e  f o u r t h  S a t u r n  5 f l i g h t  i s  scheduled t o  be manned ( F i g .  

l ) ,  NASA has planned f o r  a d d i t i o n a l  launch v e h i c l e s  i n  c a s e  unexpected 

problems develop which n e c e s s i t a t e  e x t e n d i n g  t h e  unmanned S a t u r n  5 

f l i g h t  phase;  15 S a t u r n  5 v e h i c l e s  have been procured,  t h e  t h i r t e e n t h  o f  

which i s  scheduled f o r  f l i g h t  d u r i n g  t h e  l a s t  o f  1969 ( F i g .  1) .  S ince  

two manned f l i g h t s  a r e  scheduled p r i o r  t o  t h e  lunar  landing ,  a t o t a l  
-k 

-k 
See Table  4 i n  Sec t  
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of  t e n  unmanned S a t u r n  5 f l i g h t s  could be made wi thout  s a c r i f i c i n g  t h e  

1970 t a r g e t  d a t e .  This  number i s  i n d i c a t e d  i n  Table  2 ,  a l o n g  w i t h  t h e  

a s s o c i a t e d  i n d i v i d u a l  s t a g e  f l i g h t s .  Table  2 a l s o  p r e s e n t s  s i m i l a r  

f i g u r e s  f o r  S a t u r n  1 B .  Thus,  Table  2 shows t h a t  S a t u r n  1 B  must be man- 

r a t e d  w i t h i n  t h r e e  t o  e i g h t  f l i g h t s  and S a t u r n  5 w i t h i n  t h r e e  t o  t e n  

f l i g h t s  i n  o r d e r  t o  accomplish t h e  lunar  landing  b e f o r e  1970. 

While t h e  Mercury program had s i x  unmanned f l i g h t s  p r i o r  t o  t h e  

f i r s t  manned f l i g h t ,  and t h e  Gemini program proceeded w i t h  manned 

f l i g h t s  a f t e r  o n l y  two unmanned launches ,  t h e s e  programs were suppor ted  

by a l a r g e  number o f  missile f l i g h t s  (Table 3 ) .  For example, e i g h t  

A t l a s  D f l i g h t s  were made i n  d i r e c t  suppor t  o f  t h e  manned Mercury pro-  

gram, and 6 3  missile f l i g h t s  c o n t r i b u t e d  t o  t h e  v e h i c l e  development be- 

f o r e  t h e  f i r s t  manned f l i g h t .  I n  t h e  c a s e  of  Gemini, about 11 T i t a n  I1 

f l i g h t s  d i r e c t l y  suppor ted  t h e  manned program, and 40 miss i l e  f l i g h t s  

c o n t r i b u t e d  t o  t h e  v e h i c l e  development.  The s i g n i f i c a n c e  of t h e s e  sup- 

p o r t i n g  miss i le  f l i g h t s  i s  t h e  f o l l o w i n g :  (1) Even though each of  

t h e s e  programs employed thorough d e s i g n  and s t a t u s  rev iews ,  s p e c i a l  

h a n d l i n g  procedures ,  and a r e l a t i v e l y  low launch frequency (measures 

s i m i l a r  t o  those  planned f o r  S a t u r n  1 B  and S a t u r n  5 ) ,  a r e l a t i v e l y  

l a r g e  number of f l i g h t s  (8 f o r  Mercury and 11 f o r  Gemini) were neces-  

s a r y  b e f o r e  t h e  launch v e h i c l e s  were man-rated.  (2)  None of  t h e  f l i g h t s  

were f o r  v e h i c l e  development per  s e .  ( 3 )  Each launch v e h i c l e  was com- 

posed o f  " s e l e c t "  components from a l a r g e  supply  of  mi s s i l e  components. 

( 4 )  The personnel  were exper ienced  w i t h  t h e  v e h i c l e  d e s i g n  and t h e  

f l i g h t  problems p r e v i o u s l y  encountered .  

The major d i f f e r e n c e  between t h e  f l i g h t - t e s t  program planned f o r  

S a t u r n  1B and S a t u r n  5 and t h e  f l i g h t  e x p e r i e n c e  of  Mercury and Gemini 

i s  i n  t h e  number of  f l i g h t s  scheduled f o r  v e h i c l e  development.  As i n -  

d i c a t e d  i n  Table  2 ,  a maximum of o n l y  e i g h t  and t e n  vehicle-development  

f l i g h t s  a r e  scheduled f o r  S a t u r n  1B and S a t u r n  5 ,  r e s p e c t i v e l y ,  b e f o r e  

1970. 

S ince  t h e  S a t u r n  1 B  i s  a less s o p h i s t i c a t e d  d e s i g n  t h a n  S a t u r n  5, 
and s i n c e  t h e  f i r s t  s t a g e  of t h e  S a t u r n  1 B  has  a l r e a d y  made e i g h t  s u c -  

c e s s f u l  f l i g h t s  i n  t h e  S a t u r n  1 program, i n  t h e  remainder  of t h i s  Memo- 

randum i t  is assumed t h a t  t h e  S a t u r n  1 B  w i l l  be man-rated as scheduled.  
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Table  3 

MISSILE-SUPPORT FLIGHTS 

Purpose 

a 

Abort-sys  t e m  development 
Reduct ion of r o l l  rates 
Reduct ion of v i b r a t i o n  (pogo) 

D i r e c t  s u p p o r t  

Number of F l i g h t s  
Mercury ( 4 )  I Gemini (5) 

4 
4 
.. 

5 

6 
.. 

I 63 I 40 Vehic le  development b 

a I n  g e n e r a l ,  t h e s e  experiments  were flown piggy-back on m i s -  
s i l e  f l i g h t s  having o t h e r  f l i g h t  o b j e c t i v e s .  

bMissile f l i g h t s  p r i o r  t o  f i r s t  manned f l i g h t .  

Although t h e  S a t u r n  5 may e x p e r i e n c e  d i f f i c u l t y  i n  becoming man-rated 

on s c h e d u l e ,  by a c c e p t i n g  a lower r e l i a b i l i t y  one might e x p e c t  t h a t  i t  

could  p l a c e  a n  unmanned payload i n t o  e a r t h  o r b i t  s i g n i f i c a n t l y  ear l ie r  

t h a n  a manned payload (as w i l l  be demonstrated by t h e  Apollo h e a t - s h i e l d  

t e s t s ) .  The cont ingency  p l a n  sugges ted  may permi t  performance of  t h e  

l u n a r  m i s s i o n  on schedule  i n  t h e  e v e n t  t h e  man-rat ing schedule  f o r  S a t u r n  

5 is found t o  be u n a t t a i n a b l e .  
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111. CURRENT CONTINGENCY PLANS 

T h i s  s e c t i o n  b r i e f l y  d i s c u s s e s  t h e  Apollo f l i g h t  m i s s i o n  a s s i g n -  

ments a s  t h e y  r e l a t e  t o  t h e  problem of  cont ingency p lanning  and de- 

s c r i b e s  and a n a l y z e s  t h e  cont ingency  p l a n s  provided by t h e  r e s p e c t i v e  

r e s p o n s i b l e  NASA c e n t e r s  f o r  t h e  s p a c e c r a f t  and launch v e h i c l e .  

MISSION ASSIGNMENTS 

The S a t u r n  1 B  and S a t u r n  5 t e s t  f l i g h t s  provide f o r  launch-vehic le  

and s p a c e c r a f t  development and f o r  demonst ra t ion  o f  crew performance.  

Major program g o a l s  i n c l u d e  (1) man-ra t ing  b o t h  S a t u r n  1B and S a t u r n  

5 launch v e h i c l e s ,  (2)  demonst ra t ing  t h e  Command Module (CM) h e a t  s h i e l d  

a t  e a r t h  o r b i t  and l u n a r - r e t u r n  r e - e n t r y  v e l o c i t i e s ,  (3) t r a n s p o s i t i o n  

and docking of t h e  Lunar Excursion Module (LEM), and (4)  demonst ra t ion  

of 14-day crew and s p a c e c r a f t  c a p a b i l i t y .  The NASA t e s t  phi losophy re-  

q u i r e s  t h a t  t h e  e n t i r e  launch v e h i c l e  ( a l l  s t a g e s )  be flown on e v e r y  

launch.  I n  e s s e n c e ,  t h i s  "a l l -up"  p r a c t i c e  a l l o w s  advantage t o  be taken 

o f  e a r l y  f i r s t - s t a g e  s u c c e s s e s  by a c q u i r i n g  a d d i t i o n a l  exper ience  w i t h  

t h e  upper s t a g e s  of t h e  launch v e h i c l e ,  t h e r e b y  s h o r t e n i n g  t h e  f l i g h t -  

t e s t  program. * 
The c u r r e n t  f l i g h t  miss ion  assignments  a r e  shown i n  Table  4 .  

O f  s p e c i a l  i n t e r e s t  a r e  t h e  f o l l o w i n g  f e a t u r e s :  (1) The f i r s t  lunar  

a t t e m p t  i s  about  one year  b e f o r e  t h e  1970 t a r g e t  d a t e ;  (2)  two v e r i -  

f i c a t i o n  f l i g h t s  of t h e  launch v e h i c l e  a r e  r e q u i r e d  b e f o r e  men a r e  

committed; (3 )  t h e  scheduled launch frequency i s  about t h r e e  t o  four  

f l i g h t s  per  y e a r ;  (4) t h e  e a r t h - o r b i t  t e s t i n g  phase of t h e  s p a c e c r a f t  

development can be e s s e n t i a l l y  completed u s i n g  t h e  S a t u r n  1 B ;  and ( 5 )  

s p a c e c r a f t  t e s t  f l i g h t s  on S a t u r n  1 B  w i l l  be t r a n s f e r r e d  t o  t h e  S a t u r n  

5 a s  soon a s  t h e  S a t u r n  5 i s  man-rated.  

* 
These assignments  were o b t a i n e d  from t h e  Manned S p a c e c r a f t  

Center ,  Houston, Texas,  i n  November 1964.  Since  these ass ignments  
were under  review a t  t h e  t i m e ,  some m o d i f i c a t i o n s  can  be e x p e c t e d ;  
however, due t o  t h e  s i m i l a r i t y  between these assignments  and t h o s e  
shown i n  Ref. 2 ,  no major changes are a n t i c i p a t e d .  
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Table 4 

APOLLO FLIGHT MISSION ASSIGNMENTS 

Calendar 
Year 

1966 
First quarter 

Second quarter 

Third quarter 

Fourth quarter 

~~ 

1967 
Firs t qua r t er 

Second quarter 

Third quarter 

Fourth quarter 

~ 

1968 
First quarter 

Second quarter 

Third quarter 

S, 
No. 

20 1 

20 2 

20 3 

204 

- 

205 

20 6 

207 

20 8 

20ga 

210a 

211a 

turn 1B Flights 
Mission 

"Lob-type" tra jec- 
tory for heat- 
shield develop- 
ment (velocity 
potential = 
29,000 fps) 

Same as 201 

Liquid-hydrogen ex- 
periment for 
S - I V B  chilldown 

Manned earth-orbit- 
a1 flight using 
Block 1 CSM 

Same as 204 

LE3 only 

Manned earth-orbit- 
a1 flight using 
Block 2 CSM & LEIV 

Same as 207 

Same as 207 

No. - 

... 

... 

... 

... 

- 
501 

... 

50 2 

50: 

504 

505 

50 t 

Saturn 5 Flights 
Mis s ion 

...... 

...... 

...... 

...... 

Heat-shield develop- 
ment using modified 
Block 1 CSM (veloc- 
ity potential = 
36,000 fps) 

...... 

Same as 501 
Same as 501 except 
using Block 2 CSM 

Manned earth-orbital 
flight usin Block 
2 CSM & LEM % 

Manned circumlunar 

Manned lunar landing 
flight 

These flights are presently scheduled in case Saturn 5 experiences a 
problems in becoming man-rated. 

bLunar-mission simulation. 
C No mission assignment 
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SPACECRAFT 

The c u r r e n t  f l i g h t - t e s t  program p rov ides  f o r  d u p l i c a t e  s e q u e n t i a l  

s p a c e c r a f t  mi s s ions  wi th  t h e  same o b j e c t i v e s ,  whi le  mis s ions  w i t h  i n t e r -  

r e l a t e d  o b j e c t i v e s  a r e  s e p a r a t e d ,  a l lowing  use o f  p rev ious  f l i g h t  r e -  

s u l t s .  Dup l i ca t e  miss ions  r e p r e s e n t  a cont ingency  p l a n  f o r  a n  unexpect-  

ed  Sa tu rn  1 B  f a i l u r e ,  s i n c e  NASA r e q u i r e s  o n l y  one s u c c e s s f u l  s p a c e c r a f t -  

v e r i f i c a t i o n  f l i g h t .  T h i s  ground r u l e  i s  based upon t h e  f e e l i n g  t h a t  

t h e r e  a r e  o n l y  a few c r i t i c a l  s p a c e c r a f t  f a i l u r e  modes t h a t  w i l l  neces-  

s i t a t e  a b o r t i n g  a mis s ion  a f t e r  e a r t h  o r b i t  has  been reached .  

The s p a c e c r a f t  cont ingency  p l an  f o r  development problems c o n s i s t s  

o f  (1)  p rov id ing  a d d i t i o n a l  backup hardware,  (2)  s e p a r a t i n g  t h e  mis s ions  

t h a t  have i n t e r r e l a t e d  o b j e c t i v e s  ( a s  mentioned above) ,  and (3)  provid-  

i n g  dummy payloads t o  a l l o w  cont inued  launch-vehic le  development.  Use 

of  t h e s e  dummy payloads i s  a l s o  planned i n  t h e  even t  t h a t  S a t u r n  5 ex- 

p e r i e n c e s  major problems t h a t  postpone i t s  a v a i l a b i l i t y .  I n  t h i s  c a s e  

s p a c e c r a f t  f l i g h t - t e s t i n g  i s  scheduled  t o  con t inue  u s i n g  t h e  Sa tu rn  1 B  

launch v e h i c l e  ( s e e  Table  4 ) .  

The cont ingency  p l an  f o r  hand l ing  t h e  s p a c e c r a f t  weight-growth 

problem t h a t  has  e x i s t e d  d u r i n g  t h e  Apollo d e s i g n  phase c o n s i s t s  on ly  

o f  improving t h e  we igh t - con t ro l  and r e p o r t i n g  procedures  and ma in ta in -  

i n g  an u n a l l o c a t e d  weight  margin of about  two p e r c e n t .  Unfo r tuna te ly ,  

t h e  consequences o f  Apollo s p a c e c r a f t  weight  growth a r e  more s e v e r e  and 

more d i f f i c u l t  t o  handle  than  i n  t h e  c a s e  of Mercury o r  Gemini space-  

c r a f t .  For example, an i n c r e a s e  i n  t h e  i n e r t  weight  o f  t h e  Apollo space-  

c r a f t  r e q u i r e s  i n c r e a s e s  i n  propuls ion-sys tems weights  and p r o p e l l a n t  

we igh t s ,  which compounds t h e  payload-weight  i n c r e a s e s  f o r  t h e  launch 

v e h i c l e ;  whereas on ly  t h e  launch-vehic le  payload requi rements  were a f -  

f e c t e d  by t h e  s p a c e c r a f t  weight  growth o f  Mercury and Gemini. As d i s -  

cussed  on pp. 28 - 32 ,  t h e  ea r th -o rb i t - r endezvous  p l a n  sugges t ed  i n  

t h i s  Memorandum o f f e r s  an a l t e rna t ive  s o l u t i o n  t o  the Apollo weight-  

growth problem. 

LAUNCH VEHICLE 

The c u r r e n t  NASA cont ingency  p l ans  f o r  t h e  launch v e h i c l e  c a l l  f o r  

(1) a d d i t i o n a l  backup ha r  he  program, and (2)  a b o o s t e r -  
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uprating plan to handle future spacecraft weight growth. Even with 

these contingency plans, both the spacecraft and the Saturn 5 launch 

vehicle must still be man-rated before a lunar landing can be attempted. 

In order to avoid having to man-rate the Saturn 5 ,  the contingency plan 

considered in Section IV is based on (I) the probability that more un- 
manned Saturn 5 launches will be required for man-rating than are pres- 

ently planned; (2) the capability of Saturn 5 to place a fully loaded 
Apollo spacecraft into earth orbit before it is man-rated; and (3) the 

completion of earth-orbit development of the Apollo spacecraft as pres- 

ently planned, i.e., essentially independent of Saturn 5.  There are 

only two experiments presently planned that require the use of the 

Saturn 5 launch vehicle for spacecraft development: the high-speed 

(36,000 fps) re-entry heat-shield tests and the lunar-mission simula- 
tion ( s e e  501 through 504 in Table 4 ) .  The heat-shield-experiment 

flights are unmanned (three Saturn 5 flights allowed), while the simu- 

lation experiment is not clearly defined yet and may be eliminated 

from the program. Hence, the spacecraft development could be completed 

with three or four Saturn 5 flights, and the Apollo spacecraft may be 

ready for translunar missions before the Saturn 5 is man-rated. 

then the man-rating of  Saturn 5 would become the pacing item in the 

Apollo program. 

* 
If so ,  

Other situations may occur that would cause lengthy delays in 

spacecraft development and a postponement of translunar missions. 

situations may develop with or independent of  a Saturn 5 man-rating 
problem. Although these are interesting areas of investigation for 

contingency planning, this Memorandum examines only the case where the 

Apollo spacecraft development is completed prior to man-rating Saturn 5. 

The options presently available for minimizing delays in man-rating 

Such 

the Saturn 5 might be an increase in the engineering effort to assist 
in correcting the problems or to assume a higher-risk program; for 

example, dispensing with the two verification flights for the launch 

vehicle prior to man-rating and relying more heavily on the launch es- 

cape system. Assuming that the engineering effort will be applied as 

* 
With NASA's ground rules it is conceivable that only one Saturn 5 

flight would be required for spaceoraft3levelopment (heat-shield re- 
entry test). 
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n e c e s s a r y  (as w a s  done i n  t h e  case  of Mercury and Gemini) ,  t hen  a 

s i g n i f i c a n t  change i n  t h e  l e n g t h  of t h e  S a t u r n  5 f l i g h t - t e s t  program 

probably  cannot  be expec ted  from i n c r e a s i n g  t h e  eng inee r ing  e f f o r t .  

Hence i t  appears  t h a t  an  i n c r e a s e  i n  t h e  r i s k  l e v e l  may be t h e  on ly  

o p t i o n  t o  a c c e l e r a t e  t h e  program. The r e s u l t s  t h i s  o p t i o n  might have 

are ,  however, u n c e r t a i n .  For example,  i f  a manned f l i g h t  f a i l e d  imme- 

d i a t e l y  a f t e r  a d e c i s i o n  t o  e l i m i n a t e ,  s a y ,  t h e  l aunch-veh ic l e  v e r i f i -  

c a t i o n  f l i g h t s  , t h e  e n t i r e  Apollo program might be j eopa rd ized .  

Extending t h e  Apollo program would a l s o  be f i n a n c i a l l y  c o s t l y ;  

each a d d i t i o n a l  S a t u r n  5 launching would c o s t  about  $150 m i l l i o n  ( n o t  

i n c l u d i n g  pay load) ,  and each  a d d i t i o n a l  month of development would 

c o s t  from $100 t o  $200 m i l l i o n .  

a v a i l a b l e  i n  t h e  p r e s e n t  program, wh i l e  s t i l l  a l lowing  a moon l and ing  

by 1970, could  c o s t  approximate ly  $2 b i l l i o n  more t h a n  i f  t h e  l u n a r  

l and ing  is  made as p r e s e n t l y  scheduled.  

of t h e  cont ingency  p l a n  d i s c u s s e d  i n  S e c t i o n  I V  i s  t o  provide  an a l -  

t e r n a t i v e  mode of a t t a i n i n g  t h e  scheduled  l u n a r - f l i g h t  d a t e  t h a t  would 

e n t a i l  on ly  a s m a l l  i nc remen ta l  c o s t  i f  t h i s  a l t e r n a t i v e  is  no t  em- 

ployed. I n  f a c t ,  a sav ings  of bo th  t i m e  and d o l l a r s  could  be ob ta ined  

by us ing  t h e  sugges t ed  cont ingency  p l a n  even i n  t h e  even t  t h a t  on ly  

one o r  two a d d i t i o n a l  unmanned S a t u r n  5 f l i g h t s  are requ i r ed .  The 

t i m e  saved  may be r e l a t i v e l y  s m a l l ,  i .e . ,  t h r e e  o r  f o u r  months p e r  

f l i g h t ,  i f  the scheduled Saturn 5 launch frequency i s  real ized;  h o w -  

ever, i f  t h e  launch frequency is  lower than  a n t i c i p a t e d ,  p a r t i c u l a r l y  

du r ing  t h e  e a r l y  phase of t h e  f l i g h t - t e s t  program, then  the  program 

t i m e  saved might be a p p r e c i a b l e .  

Thus,  t h e  1- t o  l%-yea r  s l i p p a g e  

Hence, one of t h e  o b j e c t i v e s  
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* 
The r e v e r s e  SeQuence could  be used.  ** 
For example, t he  s o - c a l l e d  EOR mode of o p e r a t i o n  was cons ide red  

and d i s c a r d e d  a s  a p l a n  f o r  t he  Apollo program-. 
n o t  sugges t  reopening t h a t  i s s u e  no r  d i v e r g i n g  s i g n i f i c a n t l y  from c u r -  
r e n t  Apollo hardware approaches .  

T h i s  Memorandum does 

IV. AN ALTERNATIVE CONTINGENCY PLAN: EARTH-ORBIT RENDEZVOUS 

It is recognized  that  accomplishing t h e  Apol lo  program as p r e s -  

e n t l y  p lanned ,  that  i s ,  manning the S a t u r n  5 on i t s  f o u r t h  f l i g h t  and 

making the l u n a r  a t t e m p t  on t h e  s i x t h  f l i g h t ,  would probably  r e s u l t  

i n  t h e  ear l ies t  and lowes t - cos t  l u n a r  landing .  It is assumed h e r e ,  

however, t h a t  t h e  Apol lo  s p a c e c r a f t  development is  accomplished as 

p lanned ,  b u t  t h a t  t h e  S a t u r n  5 l aunch  v e h i c l e  expe r i ences  minor prob-  

l e m s  ( e .g . ,  du r ing  open-loop t e s t i n g  of  a b o r t  s e n s i n g  system) t h a t  do  

n o t  a f f e c t  i t s  c a p a b i l i t y  of  p l a c i n g  t h e  f u l l y  loaded s p a c e c r a f t  i n t o  

o r b i t  b u t  do r e q u i r e  m o d i f i c a t i o n s  and f l i g h t  v e r i f i c a t i o n s ,  thus  

pos tponing  man-ra t ing  the S a t u r n  5. 

A s  d i scussed  i n  S e c t i o n  111, under  the p r e s e n t  NASA program t h e  

Apollo s p a c e c r a f t  f l i g h t  tests would be cont inued  us ing  Sa tu rn  1 B ,  and 

the  luna r - l and ing  miss ion  would be postponed u n t i l  S a t u r n  5 is  man- 

r a t e d .  We sugges t  here  a n  a l t e r n a t i v e  cont ingency  p l a n  t h a t  would u t i -  

l i z e  an  e a r t h - o r b i t - r e n d e z v o u s  mode of o p e r a t i o n  t o  p l a c e  the  a s t r o n a u t s  

i n  the  Apollo s p a c e c r a f t .  T h i s  concept  c o n s i s t s  of  l aunching  a n  unmanned 

s p a c e c r a f t  v ia  a S a t u r n  5 launch v e h i c l e  t h a t  is  n o t  y e t  man-rated 

and then ,  g iven  a s u c c e s s f u l  launch ,  sending  t h e  a s t r o n a u t s  t o  t h e  o r -  

b i t i n g  s p a c e c r a f t  v i a  a man-rated launch  v e h i c l e .  T h i s  concept  i s  n o t  
9; 

*9c 
new, b u t  most s t u d i e s  of t he  e a r t h - o r b i t - r e n d e z v o u s  mode of o p e r a t i o n  

r e q u i r e  e i t h e r  s p a c e c r a f t  assembly o r  r e f u e l i n g  i n  e a r t h  o r b i t  t o  com- 

p l e t e  t h e  miss ion .  ( 6 )  

the  e n t i r e  payload p l aced  i n  e a r t h  o r b i t ,  which need no t  be a r e q u i r e -  

ment when cons ide r ing  a cont ingency  p l a n .  Hence, i n  t h e  b a s i c  approach 

desc r ibed  i n  t h i s  Memorandum the  payload o f  t he  f e r r y  v e h i c l e  w i l l  be 

l e f t  i n  e a r t h  o r b i t  a f t e r  t h e  a s t r o n a u t s  t r a n s f e r  t o  t h e  Apollo space-  

c r a f t .  

These approaches g e n e r a l l y  a t t e m p t  t o  u t i l i z e  
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I n  o r d e r  f o r  t h i s  cont ingency  p l a n  t o  be a t t r a c t i v e  i t  shou ld  

p rov ide  

1. The o p t i o n  of  de l ay ing  t h e  d e c i s i o n  f o r  implementat ion of  t he  

p l a n  u n t i l  a s  l a t e  a s  p o s s i b l e ,  p r e f e r a b l y  u n t i l  a f t e r  t he  

f i r s t  Sa tu rn  5 f l i g h t  

2 .  The p r o v i s i o n  f o r  con t inued  use du r ing  subsequent  l u n a r  land-  

i n g s  i f  necessa ry  

3 .  A minimum impact on t h e  p r e s e n t  Apollo des ign  and program 

schedule  

4 .  A r e l a t i v e l y  low i n i t i a l - i n v e s t m e n t  c o s t  

I n  a d d i t i o n  t o  t h e s e  d e s i r a b l e  ( though not  s t r i c t l y  necessa ry )  

f e a t u r e s ,  t h e  e a r t h - o r b i t - r e n d e z v o u s  mode o f  o p e r a t i o n  r e q u i r e s  a man- 

r a t e d  launch  v e h i c l e  and a s p a c e c r a f t  w i t h  demonstrated r e - e n t r y  capa- 

b i l i t y ,  s u f f i c i e n t  v e l o c i t y  p o t e n t i a l  f o r  rendezvous,  and docking com- 

p a t i b i l i t y  w i t h  a n  Apollo CM. New v e h i c l e s  could be des igned  and deve l -  

oped t o  f u l f i l l  t h e s e  r equ i r emen t s ,  bu t  because low c o s t  i s  d e s i r a b l e ,  

o n l y  e x i s t i n g  o r  p r e s e n t l y  scheduled  s p a c e c r a f t  and launch  v e h i c l e s  

w i l l  be cons ide red  i n  t h i s  Memorandum; s p e c i f i c a l l y ,  t he  Gemini space-  

c ra f t /Gemin i  Launch Vehic le  (GLV) and t h e  Apollo Command and S e r v i c e  Mod- 

u l e s  (CSM)/Saturn 1 B .  A l t e r n a t i v e  systems t h a t  use o t h e r  b o o s t e r s  

( e . g . ,  T i t a n  I I Z C ,  Sa tu rn  1, o r  A t l a s -Cen tau r )  w i th  t h e s e  s p a c e c r a f t  

w i l l  no t  be cons ide red  because e x t e n s i v e  m o d i f i c a t i o n s  would be r e q u i r e d  

t o  m a t e  the launch vehicle and s p a c e c r a f t ,  hence i n c r e a s i n g  the l e a d  

t ime a s  w e l l  a s  t h e  c o s t  of  t he  cont ingency  p l a n .  I n  a d d i t i o n ,  f l i g h t -  

t e s t i n g  the  combinat ion would p robab ly  be necessa ry .  

I n  performing the  e a r t h - o r b i t  rendezvous f o r  manning the  Apollo 

s p a c e c r a f t ,  e i t h e r  the  s p a c e c r a f t  o r  t h e  f e r r y  v e h i c l e  could be p l aced  

i n t o  o r b i t  f i r s t .  These two a l t e r n a t i v e s  w i l l  be d i s c u s s e d  i n  t h i s  

s e c t i o n  w i t h  r e s p e c t  t o  the  crew and s p a c e c r a f t  l i m i t a t i o n s .  

FERRY VEHICLES 

The p r e s e n t  Gemini schedule  (Table  5) i n d i c a t e s  t h a t  by mid-1968 

( d a t e  o f  t h e  f i r s t  Apollo t r a n s l u n a r  miss ion)  about  1 2  e a r t h - o r b i t  

f l i g h t s  w i l l  have been a c c  emini  program. Of t h e s e  
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Type of Test 

Vehic le  v e r i f i c a t i o n  and 
r e - e n t r y  exper iments  

Manned f l i g h t s  
Rendezvous 
Nonrende zvous 

Table  5 

G E M I N I  LAUNCH SCHEDULE 

Year 

1964 1965 1966 1967 T o t a l  

1 1 0 0 2 

0 1 4 2 7 
0 3 0 0 3 

f l i g h t s ,  t e n  are t o  be manned, w i t h  rendezvous be ing  accomplished on 

seven .  The rendezvous mis s ions  use t h e  Agena s t a g e  as t h e  t a r g e t  v e -  

h i c l e ,  w i t h  t h e  Gemini s p a c e c r a f t  p rov id ing  t h e  rendezvous v e l o c i t y  

p o t e n t i a l .  I n  a d d i t i o n  to t h e  o b j e c t i v e  of deve loping  rendezvous t e c h -  

n iques  f o r  Apo l lo ,  t h e  Gemini program w i l l  a l s o  p rov ide  d a t a  concern ing  

t h e  e f f e c t s  of long- te rm (14 days) w e i g h t l e s s n e s s  on t h e  a s t r o n a u t ' s  

performance. Hence, t h e  Gemini spacecraft/GLV cou ld  be used as t h e  

f e r r y  v e h i c l e  f o r  t h e  Apol lo  cont ingency  p l a n  sugges t ed  h e r e ,  a l though  

many l i m i t a t i o n s  e x i s t  which w i l l  minimize i t s  e f f e c t i v e n e s s  i n  t h i s  

mode of o p e r a t i o n .  For  example, t h e  Gemini s p a c e c r a f t  is p r e s e n t l y  

des igned  f o r  on ly  two a s t r o n a u t s ,  whereas t h r e e  are r e q u i r e d  f o r  t h e  

Apol lo  t r a n s l u n a r  mis s ions .  Although i t  may be f e a s i b l e  t o  r e d e s i g n  

t h e  s p a c e c r a f t  f o r  t h r e e  men, c o n s i d e r a b l e  d e s i g n  e f f o r t  would be 

n e c e s s a r y  t o  s t a y  w i t h i n  t h e  payload c a p a b i l i t y  of t h e  Gemini b o o s t e r ,  

T i t a n  11. A cont ingency-p lan  a p p l i c a t i o n  probably  would n o t  j u s t i f y  

t h i s  r e d e s i g n  e f f o r t ;  however, shou ld  t h e  Gemini spacecraft/GLV be up- 

r a t e d  t o  t h r e e  men f o r  ano the r  a p p l i c a t i o n  (e .g . ,  Manned O r b i t a l  Labora- 

t o r y )  b e f o r e  1968, t hen  it  cou ld  be u t i l i z e d  as a f e r r y  v e h i c l e  f o r  

Apollo.  Other  d e s i g n  and o p e r a t i o n a l  f e a t u r e s  of t h e  c u r r e n t  Gemini 

spacecraf t /GLV t h a t  l i m i t  i t s  u s e  i n  a f e r r y - v e h i c l e  mode shou ld  a l s o  

be examined du r ing  t h e  r e d e s i g n  phase. Some of t h e  more obvious l i m i t a -  

t i o n s  are (1) a d i f f e r e n t  s p a c e - s u i t  des ign  than  t h a t  f o r  Apo l lo ;  (2) 

t h e  n e c e s s i t y  t o  expand t h e  c r e w - t r a i n i n g  program f o r  each  m i s s i o n  t o  

i n c l u d e  t h e  o p e r a t i o n  of t h e  Gemini and Apollo s p a c e c r a f t ;  (3) re la -  

t i v e l y  s m a l l  v e l o c i t y  p o t e n t i a  u s ,  and thus  g r e a t e r  
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I t e m  

Unmanned 
Manned 

F l i g h t s  planneda 

Rendezvous 
Nonrendezvous 

* 
s e n s i t i v i t y  t o  launch e r r o r s ;  and ( 4 )  a d i f f e r e n t  docking and crew- 

t r a n s f e r  des ign  t h a n  t h a t  f o r  Apollo.  

The o t h e r  f e r r y  v e h i c l e  t o  be cons idered  f o r  t h e  e a r t h - o r b i t  r e n -  

dezvous mode is t h e  S a t u r n  1 B  w i t h  t h e  Apollo CSM as i t s  payload. This  

i s  the  same b a s i c  c o n f i g u r a t i o n  t h a t  is  used du r ing  e a r l y  e a r t h - o r b i t  

development i n  t h e  Apollo program. Fea tu res  of t h e  S a t u r n  lB/CSM and 

Gemini spacecraft/GLV systems t h a t  are r e l e v a n t  t o  a f e r r y - v e h i c l e  ap -  

p l i c a t i o n  f o r  t h e  rendezvous mode are compared i n  Table  6 .  The S a t u r n  

~ B / C S M  f l i g h t  p l ans  are r e l a t i v e l y  l i m i t e d - - f o u r  manned f l i g h t s  as 

compared w i t h  t e n  f o r  Gemini spacecraft/GLV--but t h e  S a t u r n  lB/CSM 

provides  t h e  three-man-crew c a p a b i l i t y  necessa ry  f o r  t h e  cont ingency  

p l a n  sugges t ed  i n  t h i s  Memorandum. 

S a t u r n  1 B  i s  t h a t  t h e  use  of c ryogenic  p r o p e l l a n t s  makes i t  somewhat 

more d i f f i c u l t  t o  launch on t i m e  because of p r o p e l l a n t  c o n d i t i o n i n g ;  

however, t h e  prev ious  e i g h t  f l i g h t s  should  provide  s u f f i c i e n t  expe- 

r i e n c e  t o  manage t h i s  problem. It should  be n o t e d ,  however, t h a t  a 

p r e c i s e  on-time launch c a p a b i l i t y  f o r  t h e  mis s ion  desc r ibed  i n  t h i s  

Memorandum is  necessa ry  f o r  on ly  t h e  rendezvousing v e h i c l e .  Whether 

t h i s  is t h e  S a t u r n  1 B  o r  S a t u r n  5 depends upon t h e  sequencing ,  which 

i s  d i scussed  below. A s  i n d i c a t e d  i n  Table  6 ,  t h e  v e l o c i t y  p o t e n t i a l  

The o t h e r  major d i sadvan tage  of 

Gemini S a t u r n  
S p a c e c r a f t  /GLV ~ B / C S M  

2 4 

7 0 
3 4 

Table 6 

COMPARISON OF GEMINI SPACECRAFT/GLV AND SATURN 1B/CSM 

b 
V e l o c i t y  p o t e n t i a l  ( f ps) 

C r e w  S i z e  

6 50 

2 

5000 

3 

a 
b To be completed by t h e  end of 1967. 

For rendezvous . 
* 

Gemini s p a c e c r a f t  h a  
change i n  t h e  o r b i t  i n c l i n  

of making only  a 0.53-deg 

S ” T  



- 16- 

o f  the CSM a v a i l a b l e  f o r  t h e  rendezvous o p e r a t i o n  i s  about  5000 fps .  

This v e l o c i t y  p o t e n t i a l  i s  achieved  by us ing  the p a r t l y  loaded SM and 

i t s  p r o p u l s i o n  s y s  t e m .  The s p a c e c r a f t  maneuvering c a p a b i l i t y  provided  

by t h i s  v e l o c i t y  p o t e n t i a l  w i l l  s u b s t a n t i a l l y  reduce  t h e  s e n s i t i v i t y  

of the rendezvous o p e r a t i o n  t o  launch  e r r o r s ,  as d i s c u s s e d  la ter .  

Jr 

The p r e s e n t  Apollo schedule  i n c l u d e s  1 2  Sa tu rn  1 B  launch v e h i c l e s ;  

f o u r  of t h e s e  w i l l  be a v a i l a b l e  f o r  a l t e r n a t e  mis s ions ,  p rov id ing  t h e  

Sa tu rn  5 i s  man-rated a f t e r  t h r e e  f l i g h t s .  A s  i n d i c a t e d  e a r l i e r ,  t h e s e  

a d d i t i o n a l  S a t u r n  1 B ' s  a r e  t o  be used f o r  cont inued  s p a c e c r a f t  f l i g h t -  

t e s t i n g  i n  e a r t h  o r b i t  i f  the  Satu& 5 e x p e r i e n c e s  man-rat ing problems,  

so t h e s e  v e h i c l e s  w i l l  a l s o  be a v a i l a b l e  f o r  dua l  launches  w i t h  Sa tu rn  

5. S ince  backup CSM's a r e  a l s o  schedu led ,  i t  appea r s  t h a t  major modi f i -  

c a t i o n s  t o  the  p r e s e n t  Apollo schedule  would not  be necessa ry  t o  suppor t  

this cont ingency  p l a n .  I n  a d d i t i o n ,  t h e  s p a c e c r a f t - p r o d u c t i o n  c a p a b i l -  

i t y  o f  e i g h t  p e r  yea r  is  s u f f i c i e n t  t o  s u p p o r t  f o u r  d u a l  launches p e r  

y e a r ,  which should  be more t h a n  adequate  f o r  t h e  i n i t i a l  phase of  t h e  

Apollo miss ion .  

SEQUENCING CONSIDERATIONS 

Based upon t h e  p rev ious  d i s c u s s i o n ,  i t  appea r s  t h a t  t he  f e r r y  

v e h i c l e  p r e f e r r e d  f o r  t h i s  cont ingency  p l a n  i s  the  S a t u r n  lB/CSM; hence 

two cryogenic  v e h i c l e s  must be launched i n  s e r i e s  i n  o r d e r  t o  accom- 

p l i s h  the  luna r - l and ing  mis s ion .  Some of  t h e  sequencing c o n s i d e r a t i o n s  

involved  i n  de te rmining  t h e  p r e f e r r e d  approach ,  p r a c t i c a l i t y ,  and a t t e n -  

d a n t  hardware l e a d  times are p r e s e n t e d  here. No a t t empt  is made t o  p e r -  

form a miss ion  a n a l y s i s  f o r  e a r t h - o r b i t  rendezvous;  o n l y  major  cons id-  

e r a t i o n s  w i l l  be h i g h l i g h t e d .  One of  t h e s e  i s  the  a d d i t i o n a l  l e n g t h  of 

time r e q u i r e d  i n  e a r t h  o r b i t  t o  accomplish the  rendezvous o p e r a t i o n .  

This c o n s i d e r a t i o n  a f f e c t s  bo th  t h e  l e n g t h  o f  t h e  a s t r o n a u t s '  m i s s ion  

as w e l l  as the du ty  c y c l e  o f  the s p a c e c r a f t .  

To measure the a s t r o n a u t s '  c a p a b i l i t y  f o r  a seven-  t o  nine-day 

l u n a r  m i s s i o n ,  14-day e a r t h - o r b i t  mi s s ions  are scheduled  i n  the Gemini 

and Apollo programs. The e f f e c t s  of long-term we igh t l e s sness  and o t h e r  

o r b i t a l  s p a c e - f l i g h t  stresses shou ld  be e s t a b l i s h e d  i n  these long 

* 
S e r v i c e  Module. 
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missions; thus a limited extension in the length of the Apollo astro- 

nauts' mission does not appear to be critical. 

The 14-day earth-orbit missions in the Apollo program will also 

demonstrate the spacecraft's (CSM and LEM) long-endurance capability. 

During the normal earth-orbit phase of the Apollo lunar mission the 

S-IVB stage of the Saturn 5 launch vehicle remains attached to the Apollo 

spacecraft to provide the subsequent translunar injection. The nominal 

Apollo mission requires that the S-IVB remain in earth orbit up to a 

maximum of 4% hr, after which time the degradation in stage performance 

(mainly from loss of propellants (LOX-LH) due to boil-off (700 lb/hr) 

and expenditure of the attitude-control propellants) is sufficient to 

prevent translunar injection. Since Saturn 5 would be unmanned in the 
mode of operation discussed in this Memorandum, a 2900-lb payload in- 

crease could be obtained by eliminating the launch escape system. 

This represents a direct increase in S-IVB propellants in orbit and 

thus allows an increase of about 4 hr in the earth-orbit stay time of 

* 

** 
the S-IVB stage. To stretch the earth-orbit capability of the S-IVB 
stage much beyond 10 hr will probably necessitate a redesign of the 
common bulkhead to prevent freezing of the liquid oxygen. Other areas 

in the S-IVB design may be more time-critical than the comon bulkhead. 

A detailed review of the stage design is not within the scope of this 

study, but one would be required before undertaking the contingency 

plan suggested here. 
Long-term earth-orbit storage capability €or the S-IVB may be de- 

sirable for other applications, such as the Apollo Extension Support. 

If so, then the stage would have to be modified to incorporate such 

items as superinsulation, reducing the boil-off to about 160 lb/hr; a 

new common bulkhead between the propellant tanks; and perhaps a new 
attitude-control system. Because these modifications require about 

* 
See Table 1. 

Jrk 
Further increases in the S-IVB stay time would necessitate in- 

creasing its propellant load or using some of the reserve propellant .(8) 
For example, to extend the total stay time to 9 hr (six orbits) requires 
an additional 300 lb of propellant (about 0.1 percent of the total pro- 
pellant load). It is doubtful that a structural modification would be 
necessary for this minor e. 
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$20 m i l l i o n  and about  t h r e e  y e a r s  t o  d e s i g n  and develop,  they  a r e  n o t  

cons idered  t o  be j u s t i f i e d  by t h i s  cont ingency p l a n ,  hence t h e  maximum 

e a r t h - o r b i t  s t a y  t i m e  c o n s i d e r e d  h e r e  f o r  t h e  S-IVB s t a g e  i s  approxi -  

mate ly  10 h r .  

Another impor tan t  sequencing c o n s i d e r a t i o n  i s  t h e  t iming r e l a t i o n -  

s h i p  between t h e  e a r t h - o r b i t  launch window, t h e  launch-vehic le  count-  

down, and t h e  t r a n s l u n a r  launch window. The c u r r e n t  Apollo miss ion  a l s o  

d e a l s  w i t h  t h e s e  e lements ;  however, t h e  e a r t h - o r b i t - r e n d e z v o u s  mode sug-  

g e s t e d  h e r e  r e q u i r e s  t h e  t a r g e t  v e h i c l e  t o  be launched s u f f i c i e n t l y  i n  

advance t o  a l l o w  t h e  rendezvous o p e r a t i o n  t o  be accomplished b e f o r e  t h e  

opening of t h e  t r a n s l u n a r  launch window. There a r e  many ways i n  which 

t h e  rendezvous miss ion  can be accomplished,  and one o b j e c t i v e  of t h e  

Gemini program i s  t o  e v a l u a t e  s e v e r a l  rendezvous approaches.  (7 )  

i t  i s  premature t o  recommend a technique  a t  t h i s  t ime,  pending t h e  

Gemini r e s u l t s  i t  a p p e a r s  t h a t  t h e  v a r i o u s  approaches f o r  e a r t h - o r b i t  

rendezvous w i l l  n o t  s e v e r e l y  a f f e c t  t h e  Apollo hardware requi rements .  

Although t h e  s e l e c t i o n  of  t h e  f i n a l  rendezvous approach f o r  Apollo can be 

postponed,  i t  i s  i n t e r e s t i n g  t o  c o n s i d e r  h e r e  some of t h e  b a s i c  e lements  

of t h e  rendezvous o p e r a t i o n  t h a t  de te rmine  t h e  f e a s i b i l i t y  of  a p p l y i n g  

i t  t o  t h e  Apollo program and t h e  l i m i t a t i o n s  of  i t s  u s e  i n  t h e  program. 

While 

The e a r t h - o r b i t - r e n d e z v o u s  concept  r e q u i r e s  n e a r l y  s imul taneous  

countdowns of S a t u r n  1 B  and S a t u r n  5 launch v e h i c l e s ,  and t h e r e  appears  

t o  be no p h y s i c a l  c o n s t r a i n t  t o  prevent  t h i s  mode of o p e r a t i o n  a t  Cape 

Kennedy. For example, s e p a r a t e  launch complexes (37 and 3 9 ) ,  crews, 

and p r o p e l l a n t  r e s e r v e s  w i l l  be a v a i l a b l e  t o  suppor t  i n d i v i d u a l  opera-  

t i o n s .  

Launching t h e  t a r g e t  v e h i c l e  w i t h  an  o r b i t - p l a n e  i n c l i n a t i o n  g r e a t e r  

t h a n  t h e  l a t i t u d e  of Cape Kennedy a l lows  d a i l y  rendezvous o p p o r t u n i t i e s ;  

more i m p o r t a n t l y ,  rendezvous o p p o r t u n i t i e s  ex is t  d u r i n g  s e v e r a l  subse-  

quent  o r b i t s  of t h e  t a r g e t  v e h i c l e  f o l l o w i n g  i t s  launch .  For example, 

by u s i n g  a p a r a l l e l - p l a n e ,  v a r i a b l e - a z i m u t h  launch technique  f o r  t h e  

chase  v e h i c l e  i n  combination w i t h  t h e  plane-change c a p a b i l i t y  of  t h e  

manned v e h i c l e  (about  10 deg ) ,  rendezvous o p p o r t u n i t i e s  occur  d u r i n g  
* 

* 
T h i s  i s  comparable t o  t h e  plane-change c a p a b i l i t y  of t h e  Agena 

s t a g e ,  which i s  t h e  Gemini t a r g e t  v e h i c l e ;  t h e r e f o r e ,  t h i s  rendezvous 
o p e r a t i o n  could be i n v e s t i g a t e d  p r i o r  t o  a t t e m p t i n g  i t  on Apol lo .  
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t h e  f i r s t  t h r e e  o r  four  o r b i t s  of t h e  t a r g e t  v e h i c l e .  These opportun-  

i t i e s  w i l l  obvious ly  be l i m i t e d  by such c o n s i d e r a t i o n s  a s  r a n g e - s a f e t y  

l i m i t s  on launch azimuths (72 t o  108 deg a t  Cape Kennedy) and landing-  

a r e a  r e s t r a i n t s .  However, t h e  landing-  or  r ecove ry -a rea  r e s t r a i n t  on ly  

a p p l i e s  i f  t h e  manned f e r r y  v e h i c l e  i s  launched second.  

The t a r g e t  v e h i c l e  w i l l  be i n  a p o s i t i o n  f o r  a d i r e c t  rendezvous 

on ly  f o r  an  i n s t a n t  on each rendezvous-compatible  o r b i t - - h e n c e  t h e  ne- 

c e s s i t y  f o r  a launch-on-time ( w i t h i n  a few minutes)  c a p a b i l i t y  f o r  t h e  

chase v e h i c l e .  S ince  n e i t h e r  Sa tu rn  1 B  nor S a t u r n  5 has  been launched,  

countdown procedures  have not  been f i n a l i z e d .  However, e i g h t  Sa tu rn  1 

launches have been s u c c e s s f u l ,  and,  because of t h e  s i m i l a r i t y  between 

t h e  Sa tu rn  v e h i c l e s ,  i t  i s  r easonab le  t o  expec t  t h a t  t h e  Sa tu rn  1 count- 

down expe r i ence  w i l l  be i l l u s t r a t i v e  of t h a t  f o r  Sa tu rn  1B and S a t u r n  5 .  

Although t h e  t iming of t h e  s e v e r a l  S a t u r n  1 countdowns d i f f e r e d  i n  de- 

t a i l ,  no launch-on-time requi rement  e x i s t e d ;  t h u s ,  i n  o r d e r  t o  maxi- 

mize t h e  chance of a s u c c e s s f u l  launch ,  necessa ry  v e h i c l e  o r  range  

changes were made and t h e  concomitant  countdown ho lds  were t o l e r a t e d .  

I n  g e n e r a l ,  one crew has been used f o r  t h e  e n t i r e  countdown, which 

i s  normally d iv ided  i n t o  two p a r t s .  

begin  around midnight  of  t h e  day b e f o r e  t h e  launch  and r u n s  from T - 
1035 t o  T - 545 min. During t h i s  t i m e  i n t e r v a l  c e r t a i n  p r e p a r a t o r y  

a c t i o n s  are t a k e n ,  such as checks of t h e  p ropu l s ion  sys t ems ,  some 

ordnance i n s t a l l a t i o n s ,  and tes ts  of t ank  moi s tu re  con ten t .  A ho ld  

is then  scheduled  t o  a l low t h e  crew t o  rest ,  and t h e  second p a r t  of 

t h e  countdown begins  around midnight  of t h e  day of t h e  l aunch ,  and 

runs  from T - 545 t o  T - 0 min, launch.  During t h e  second p a r t  of 

t he  countdown t h e  b o o s t e r  i s  p repa red  f o r  launch ,  ground systems and 

v e h i c l e  checkouts  are made, f u e l i n g  i s  done, and t h e  launch is a t -  

tempted . 

The f i r s t  p a r t  is scheduled  t o  

I n  some cases  o t h e r  scheduled  ho lds  are inc luded  i n  t h e  countdown 

sequence t o  provide  f o r  ground-bquipment o p e r a t i o n ,  s i m p l e  remedia l  ac- 

t i o n s ,  and rev iew of sys t em and countdown s t a t u s ;  however, d u r i n g  a l l  

of the  Sa tu rn  1 launches even t s  have occurred t h a t  have caused add i -  

t i o n a l  ho lds ,  t hus  l eng then ing  t h e  a c t u a l  countdowns. Table  7 ,  which 

summarizes the  r e l e v a n t  Sa tu r  shows t h a t  ho lds  of 



t 

Flight 
Number 
SA- 1 

SA- 2 

SA- 3 

SA-4a 

SA-5 

SA- 6 

SA-7 

)ate of 
Launch 

.O I27 16: 

412516: 

.1/ 161 6: 

.... 
11271 6r 

1/29/61 

5/28/61 

9/18/61 

Table 7 
(9-14) SATURN 1 COUNTDOWN SUMMARY 

Cause 
:loud Cover 
Bad weather 
Ship interference 

Power failure of 
ground genera- 
tor 

..... 
Network checks 
Battery verifica- 
t ion 

Change accelerom- 
eter 

Clear pad for LOX 
loading 

LOX leak, causing 
launch to be 
cancelled 

Scheduled hold 
RJ? interference 
on C-band radar 

ST-124 stabilizer 
azimuth align- 
ment 

replenish ANNIN 
valve 

s - I V  LOX pump 
temperature 

LOX vapor broke; 
theodolite beam 

Accidental FIREX 
system activa- 
tion on service 
structure 

Scheduled hold 
S-IV LOX pressur- 
izing indicated 
malfunction 

Investigate S-I 
hydraulic - pump 
temperature 

Grand Turk radar 
intermittent 

Adjust S-I LOX- 

ds 
Time 
(min) 

T - 120 
T - 20 
T - 10 
T - 75 

... 
T - 550 
T - 530 

T - 430 

T - 280 

T - 250 
T - 30 

T - 13 

T - 85 

T - 70 
T - 4  

T - 41' 

T - 24: 
T - 30 

T - 30 

T - 12 
T - 5  

,ength 
(mi n) 

34 
32 
30 

45 

.. 
3 

17 

27 

20 

48 
20 

73 

38 

60 

1 

75 

69 
20 

4 

20 

49 

- 
'otal 
min) 
66 

30 

45 

.. 

.. 

93b 

174d 

162f 

Scheduled 
Countdown 
Duration 

10 hr 

10 hr 

10 hr 

..... 

..... 

.O hr, 40 min 

9 hr, 5 min 

9 hr, 5 min 

%o information available at time of publication. 
bPlus 12 min lost due to recycle. 

'A first launch attempt on 5/26/64 was canceled at T - 115 min 

dPlus 15 min lost due to recycle. 
eT - 41 sec, not min. 
fPlus 8 min lost due to recycle. 

due t o  a compressor-motor failure in the IU section. 
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from 30 min t o  over 3 h r  were e x p e r i e n c e d .  Although t h e s e  holds  caused 

launch-time d e l a y s ,  a l l  launches were s u c c e s s f u l .  Thus, i t  seems pos- 

s i b l e  t o  ex tend  t h e  countdown t o  a l l o w  enough t i m e  t o  c o r r e c t  t h e  major- 

i t y  of t h e  k inds  o f  problems exper ienced  w i t h  t h e  S a t u r n  1 b o o s t e r s .  

Assuming t h e  S a t u r n  1 e x p e r i e n c e  i s  i n d i c a t i v e  of  what w i l l  occur  d u r i n g  

S a t u r n  1B and S a t u r n  5 launches,  and r e c o g n i z i n g  t h e  i n c r e a s e d  complex- 

i t y  of t h e  l a t t e r  v e h i c l e s ,  perhaps t h e  countdown should be s t a r t e d  4 

t o  5 h r  e a r l i e r  a s  a n  al lowance f o r  c o r r e c t i n g  unexpected problems. 

c o u r s e ,  major problems w i l l  o c c a s i o n a l l y  deve lop  where t h e  5-hr a l low- 

ance would be i n a d e q u a t e .  For example, any problem whose c o r r e c t i o n  

r e q u i r e s  d e f u e l i n g  t h e  launch v e h i c l e  f a l l s  i n t o  t h i s  c a t e g o r y .  

Of 

Although i t  seems r e a s o n a b l e  t o  conclude t h a t ,  except  f o r  major 

countdown problems, b o t h  t h e  S a t u r n  1B and S a t u r n  5 could be launched 

on t i m e ,  minor e r r o r s  i n  l i f t - o f f  t i m e  (a f e w  minutes)  may occur .  I n  

such  c a s e s ,  t echniques  are a v a i l a b l e  t h a t  w i l l  compensate f o r  t h e  phasing 

e r r o r ,  e . g . ,  a "dog-leg" maneuver d u r i n g  t h e  powered f l i g h t  of t h e  launch 

v e h i c l e ,  o r  a "catch-up" maneuver a f t e r  e a r t h - o r b i t  i s  achieved .  ( 6 )  

v e l o c i t y  p o t e n t i a l  of t h e  f e r r y  v e h i c l e  can be used f o r  t h e  ca tch-up  

maneuver; t h a t  i s ,  i f  one-half  t h e  a v a i l a b l e  v e l o c i t y  p o t e n t i a l  (2500 

f p s )  is  used ,  t h e n  a 2-min launch e r r o r  could be c o r r e c t e d  w i t h i n  about  

30 min ( o n e - t h i r d  of an o r b i t ) .  

compensate f o r  launch-time e r r o r s  is n o t  w i t h i n  t h e  scope of  t h i s  s t u d y ;  

b u t  t h e s e  e r r o r s ,  i .e . ,  o r b i t - p l a n e  and phas ing ,  would have t o  be can- 

c e l e d  as q u i c k l y  as p o s s i b l e ,  p r e f e r a b l y  w i t h i n  one o r b i t ,  i n  o r d e r  t o  

p r e s e r v e  t h e  S-IVB performance c a p a b i l i t y .  

The 

S e l e c t i o n  of t h e  optimum maneuver t o  

The t i m e  r e q u i r e d  f o r  rendezvous,  docking ,  and c r e w - t r a n s f e r  oper -  

a t i o n s  should a l s o  be minimized. If more than  one o r  two o r b i t s  a r e  

r e q u i r e d  f o r  t h e s e  o p e r a t i o n s ,  t h e  S-IVB c o a s t i n g  c a p a b i l i t y  might have 

t o  be i n c r e a s e d .  However, i t  i s  f e l t  t h a t  t h e s e  o p e r a t i o n s  can be ac-  

complished w i t h i n  t h i s  t i m e  l i m i t ,  p a r t i c u l a r l y  i f  t h e  rendezvous and 

docking phases  a r e  demonstrated d u r i n g  t h e  Gemini program. 

I n  o r d e r  t o  accomplish t h e  docking and c r e w - t r a n s f e r  phases  of  t h e  

e a r t h - o r b i t  rendezvous m i s s i o n ,  t h e  CM, which i s  c a r r i e d  a l o f t  by t h e  

f e r r y  v e h i c l e ,  must be modi f ied .  While t h e  d e t a i l s  o f  t h i s  m o d i f i c a t i o n  

have n o t  been examined, t h e  i n i t i a l  thought i s  t h a t  a coupl ing  s i m i l a r  



t o  t h e  LEM drogue ( F i g .  2 )  could  be des igned  t o  f i t  on t h e  CM. It i s  

d e s i r a b l e  t o  hold  t h e  lead  time f o r  such m o d i f i c a t i o n s  t o  about  one 

y e a r ,  which seems r e a s o n a b l e ,  because ,  f o r  example,  no s p e c i a l  f l i g h t  

tes ts  would be n e c e s s a r y .  I f  s o ,  then  the  d e c i s i o n  t o  under take  an 

ea r th -o rb i t - r endezvous  cont ingency  p l an  f o r  Apollo can be postponed 

u n t i l  a f t e r  t h e  i n i t i a l  S a t u r n  5 launch .  T h i s  a l lows  an assessment  

o f  t h e  s t a t u s  of bo th  t h e  launch v e h i c l e  and s p a c e c r a f t  d u r i n g  a l a t e  

s t a g e  of  development b e f o r e  implementing t h i s  cont ingency  p l a n .  

Seve ra l  a l t e r n a t i v e  s i t u a t i o n s  must be cons idered  when a s s e s s i n g  

whether t h e  men o r  s p a c e c r a f t  should be p laced  i n t o  e a r t h  o r b i t  f i r s t .  

For example, one can  a rgue  t h a t  t he  men should  no t  be committed u n t i l  

a f t e r  t h e  S a t u r n  5 ,  which has  a g r e a t e r  launch r i s k  than  Sa tu rn  lB, 
has p laced  t h e  Apollo s p a c e c r a f t  i n t o  e a r t h  o r b i t .  This  approach a l -  

lows one t o  de te rmine  t h e  c o n d i t i o n  o f  t h e  s p a c e c r a f t  p r i o r  t o  commit- 

t i n g  t h e  a s t r o n a u t s .  I f  t h e  Sa tu rn  5 f a i l s  t o  p l a c e  the  payload i n t o  

o r b i t ,  t hen  t h e  S a t u r n  1 B  f e r r y  v e h i c l e  can be e i t h e r  a s s igned  t o  an  

e a r t h - o r b i t  mi s s ion  o r  he ld  u n t i l  ano the r  S a t u r n  5 becomes a v a i l a b l e .  

As i n d i c a t e d  i n  S e c t i o n  111 ,  t h e  c u r r e n t  Apollo schedu le  i n c l u d e s  t h e  

cont inued  f l i g h t - t e s t i n g  o f  t h e  s p a c e c r a f t  i n  e a r t h  o r b i t  u s i n g  t h e  

S a t u r n  1 B  a s  t h e  launch v e h i c l e ;  t hus  t h e  reass ignment  of  t h e  S a t u r n  

1 B  i s  c o n s i s t e n t  w i t h  NASA's c u r r e n t  p o l i c y .  However, i t  appea r s  t h a t  

the manned f e r r y  v e h i c l e  could be p laced  i n t o  o r b i t  w i t h  pr imary  and 

secondary  o b j e c t i v e s .  The pr imary o b j e c t i v e  would be a rendezvous w i t h  

a n  Apollo s p a c e c r a f t  f o r  a t r a n s l u n a r  mis s ion ,  and t h e  secondary ob jec -  

t i v e  would be cont inued  e a r t h - o r b i t  f l i g h t - t e s t i n g  of  t h e  Apol lo  space-  

c r a f t  i f  S a t u r n  5 f a i l s  t o  p l a c e  i t s  payload i n t o  o r b i t  on s c h e d u l e .  

Although t h e  t iming  of  t h e  second launch i s  more c r i t i c a l  t h a n  t h e  

f i r s t ,  t h e  a d d i t i o n a l  launch r e s t r i c t i o n s  p laced  upon a manned launch 

( e . g . ,  r ecove ry -a rea  r e s t r a i n t s )  s u g g e s t s  t h a t  a d e c i s i o n  a s  t o  which 

v e h i c l e  should  be launched f i r s t ,  S a t u r n  1 B  o r  S a t u r n  5 ,  cannot  be made 

based on t iming  c o n s i d e r a t i o n s  wi thout  a d d i t i o n a l  s t u d y .  

From t h e  s t a n d p o i n t  o f  hardware l i m i t a t i o n s ,  i t  appea r s  t h a t  un- 

less t h e  S-IVB s t a g e  i s  r edes igned  t o  a l low f o r  long-term s t o r a g e  i n  

o r b i t ,  i t  w i l l  be d e s i r a b l e  t o  minimize t h e  t i m e  t h e  S - I V B  s t a y s  i n  

* 

* 
The S- IVB attache c e c r a f t  tha t  w i l l  be  used 

f o r  t h e  luna r - l and ing  m 
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e a r t h  o r b i t .  Although t h i s  i s  accomplished by launching t h e  Apollo 

s p a c e c r a f t  v i a  a S a t u r n  5 a f t e r  t h e  f e r r y  v e h i c l e  i s  i n  o r b i t ,  t h e  

f e a s i b i l i t y  of accomplishing t h e  miss ion  d i s c u s s e d  i n  t h i s  Memorandum 

w i t h i n  t h e  S - I V B  o p e r a t i n g  l i m i t s  needs t o  be s t u d i e d  f u r t h e r  i n  o r d e r  

t o  determine i f  t h e r e  a r e  o t h e r  t i m e - c r i t i c a l  a r e a s  t h a t  a r e  more i m -  

p o r t a n t  than those  h i g h l i g h t e d  i n  t h i s  Memorandum. 

Another c o n s i d e r a t i o n  a f f e c t i n g  t h e  sequencing d e c i s i o n  f o r  e a r t h -  

o r b i t  rendezvous i s  t h e  crew stress.  The launch concept  d e s c r i b e d  i n  

t h i s  s e c t i o n  w i l l  undoubtedly i n c r e a s e  t h e  d u r a t i o n  of t h e  f i r s t  t i m e -  

c r i t i c a l  per iod  f o r  t h e  a s t r o n a u t s  on o p e r a t i o n a l  m i s s i o n s .  For exam- 

p l e ,  t h i s  p e r i o d  i s  p r e s e n t l y  about  8 hr  long;  d u r i n g  t h i s  t i m e  t h e  

a s t r o n a u t s  monitor t h e  s p a c e c r a f t  systems d u r i n g  launch,  t a k e  naviga-  

t i o n a l  s i g h t i n g s ,  r e a l i g n  t h e  i n e r t i a l  measurement u n i t s ,  and check 

o u t  t h e  s p a c e c r a f t  d u r i n g  e a r t h  o r b i t ,  and t h e n  t r a n s p o s e  t h e  LEM a f -  

t er t r a n s  lunar  i n j e c t i o n .  (I5) 

c r i t i c a l  p e r i o d  could be expected f o r  t h e  n e a r l y  s imul taneous  launch 

and rendezvous o p e r a t i o n s .  T h i s  r e p r e s e n t s  a n  i n c r e a s e  i n  t h e  peak 

stress l e v e l  f o r  t h e  crew, b u t  t h i s  can be compensated f o r  by a l l o w i n g  

p a r t  o f  t h e  crew t o  rest d u r i n g  nontask  p e r i o d s .  

proach would be t o  p l a c e  t h e  crew i n t o  e a r t h  o r b i t  a day o r  two b e f o r e  

t h e  rendezvous o p e r a t i o n .  Although t h i s  approach lengthens  t h e  m i s s i o n  

f o r  t h e  a s t r o n a u t s ,  i t  would s t i l l  be less t h a n  t h e  14-day c a p a b i l i t y  

p r e v i o u s l y  demonstrated and would allow (1) a r e d u c t i o n  i n  t h e  d u r a -  

t i o n  of the i n i t i a l  t ime-cr i t ica l  p e r i o d  f o r  t h e  a s t r o n a u t s ,  (2) t h e  

crew t o  become p r e c o n d i t i o n e d  p r i o r  t o  t r a n s l u n a r  i n j e c t i o n ,  and (3) 

t e r m i n a t i o n  of t h e  m i s s i o n  should  a crew member f a i l  t o  perform as 

expec ted  . 

About a 4- o r  5-hr  i n c r e a s e  i n  t h i s  t i m e -  

An a l t e r n a t i v e  ap- 

I n  summary, e x t e n d i n g  t h e  l e n g t h  of t h e  Apollo m i s s i o n  t o  a l l o w  

f o r  an  e a r t h - o r b i t  rendezvous does n o t  appear  t o  be unreasonable  i n  

view of t h e  expec ted  14-day c a p a b i l i t y  of  t h e  a s t r o n a u t s  and s p a c e c r a f t .  

The e a r t h - o r b i t  s t a y  t i m e  of t h e  S-IVB s t a g e  appears  t o  be c r i t i c a l ,  i n  

t h a t  i t s  p r e s e n t  c a p a b i l i t y  i s  only 4% h r  and i t s  maximum l i f e  (without  

major r e d e s i g n )  may o n l y  be 10 h r .  E l i m i n a t i o n  of  t h e  lunar  escape  s y s -  

t e m  on t h e  unmanned S a t u r n  5 launch  would i n c r e a s e  t h e  S-IVB s t a y  t i m e  

by about  4 h r .  S u b j e c t  t o  a l y s i s ,  it a p p e a r s  t h a t  (1) 
c. 
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t h e  c o r r e c t i o n  v e l o c i t y  provided by t h e  f e r r y  CSM i s  s u f f i c i e n t  t o  

minimize launch t iming  and phas ing  e r r o r s ,  (2)  t h e  use  o f  scheduled  

ho lds  d u r i n g  countdown can a l l o w  an  on-time launch c a p a b i l i t y  f o r  

S a t u r n  1 B  and S a t u r n  5 ,  and (3 )  s u f f i c i e n t  t i m e  i s  a v a i l a b l e  t o  a l low 

f o r  e a r t h - o r b i t  rendezvous w i t h  c u r r e n t  Apollo hardware.  

hardware m o d i f i c a t i o n  i s  a LEM-type drogue f o r  t h e  f e r r y  CM t o  a l l o w  

docking o f  t h e  two C M ' s .  Lead t i m e  f o r  such  a m o d i f i c a t i o n  i s  about 

one y e a r .  The sequencing  o f  t h e  a s t r o n a u t s  and lunar  s p a c e c r a f t  i n t o  

e a r t h  o r b i t  i s  un reso lved ;  bo th  a l t e r n a t i v e s  appear  f e a s i b l e .  

The o n l y  

COST IMPLICATIONS 

A s  mentioned e a r l i e r ,  a d e s i r a b l e  f e a t u r e  f o r  a cont ingency  p l an  

i s  t h a t  t h e  i n i t i a l  investment  should  be r e l a t i v e l y  low so a s  t o  

minimize t h e  expend i tu re  i n  case  i t  becomes unnecessary  t o  employ t h e  

cont ingency  p l a n .  On t h e  o t h e r  hand,  i f  i t  becomes necessa ry  t o  use  

a cont ingency  p l a n ,  t h i s  should r e s u l t  i n  a minimum d e l a y  i n  accom- 

p l i s h i n g  t h e  program o b j e c t i v e .  

na ry  e s t i m a t e  o f  t h e  p o s s i b l e  impact on t h e  Apol lo  program c o s t  of  

f u r t h e r  c o n s i d e r a t i o n  of  t h e  ea r th -o rb i t - r endezvous  cont ingency  p l a n .  

I n d i c a t e d  below i s  a c rude  p r e l i m i -  

I n i t i a l l y ,  an  R&D expend i tu re  w i l l  be a s s o c i a t e d  w i t h  o b t a i n i n g  

t h e  t e c h n i c a l  d a t a  necessa ry  t o  permit  a d e c i s i o n  t o  unde r t ake  t h e  

cont ingency  p l a n  should  Sa tu rn  5 expe r i ence  man-ra t ing  problems.  Th i s  

c o s t  would cover such  i t e m s  a s  a d e t a i l e d  mis s ion  a n a l y s i s ,  a s t u d y  of 

s imul taneous  countdown p rocedures ,  a d e s i g n  rev iew o f  t h e  e a r t h - o r b i t  

s t ay - t ime  l i m i t a t i o n  o f  t h e  S - I V B  s t a g e ,  and a des ign  s t u d y  o f  t ech -  

n iques  f o r  docking two CM's. Although t h e s e  i t e m s  have no t  been 

c o s t e d ,  i t  i s  a n t i c i p a t e d  t h a t  on ly  a r e l a t i v e l y  sma l l  expend i tu re  

would be n e c e s s a r y ,  perhaps  s e v e r a l  m i l l i o n  d o l l a r s .  

I n  a d d i t i o n  t o  t h i s  expend i tu re  s i g n i f i c a n t  changes i n  program re-  

source  a l l o c a t i o n  must be cons ide red .  F i r s t ,  t h e  schedu les  f o r  launch 

v e h i c l e  and s p a c e c r a f t  d e l i v e r y  c u r r e n t l y  programmed d u r i n g  1968 and 

1969 a r e  not  s u f f i c i e n t  t o  suppor t  fou r  e a r t h - o r b i t  c r e w - t r a n s f e r  a t -  

tempts  per  y e a r .  Thus, t h e  d e c i s i o n  t o  implement t h e  e a r t h - o r b i t  
* 

* 
T h i s  launch f requency  i s  used o n l y  f o r  i l l u s t r a t i v e  purposes .  

The a c t u a l  launch f requency  would depend upon a d e t a i l e d  s t u d y  o f  t h e  
mis s ion  a n a l y s i s  and dua l - l aunch  approach .  

m 



c rew- t r ans fe r  cont ingency  p l a n  would n e c e s s i t a t e  an a l l o c a t i o n  o f  ad- 

d i t i o n a l  funds and r e s c h e d u l i n g  of t h e  p r e s e n t l y  committed launch ve-  

h i c l e s  and s p a c e c r a f t  d u r i n g  1968 and 1969. A s  noted  i n  Table  8 ,  t h e  

e s t ima ted  a d d i t i o n a l  r e s o u r c e s  r e q u i r e d  a r e  about  $250 m i l l i o n  d u r i n g  

1968 ( f o r  t h r e e  CSM's) and $370 m i l l i o n  d u r i n g  1969 ( f o r  fou r  S a t u r n  

1 B ' s  and two CSM's). Although t h i s  r e p r e s e n t s  about a 17  pe rcen t  i n -  

c r e a s e  i n  t h e  t o t a l  hardware a l l o c a t i o n  f o r  t h i s  pe r iod ,  an  excess  of  

LEM's and Sa tu rn  5 ' s  would e x i s t  should i t  become necessa ry  t o  use  

t h i s  cont ingency  p l a n  f o r  t h e  e n t i r e  p e r i o d .  This  r e p r e s e n t s  an  un- 

l i k e l y  e v e n t ,  s i n c e  S a t u r n  5 would probably  be  man-rated d u r i n g  t h i s  

p e r i o d ,  t he reby  e l i m i n a t i n g  t h e  need f o r  t h e  e a r t h - o r b i t  c r e w - t r a n s f e r  

o p e r a t i o n  d u r i n g  subsequent  f l i g h t s .  

1968 

P r e s e n t  Rendezvous 
Apo 1 l o  Contingency 

Ear t h - O r b i t -  

Item Program Plana 

S a t u r n  1B 4 4 

S a t u r n  5 4 4 

C SM 5 gb 

LEM 5 4 

Table  8 

1969 

P res  en  t Rendezvous 
Apo 1 lo  Contingency 
Pro gram Plana 

Ear t h-Orbi t - 

0 4c 

6 4 

6 8' 

6 4 
a 

bAdd i t iona l  hardware and launch c o s t s  f o r  t h r e e  CSM's a r e  

Assuming f o u r  c r e w - t r a n s f e r  a t t e m p t s  per  y e a r .  

about  $250 m i l l i o n .  

fou r  S a t u r n  1 B ' s  t o t a l  $370 m i l l i o n .  

C A d d i t i o n a l  hardware and launch c o s t s  f o r  t h e  two CSM's and 

Second, i f  i t  were dec ided  t o  use  t h e  e a r t h - o r b i t  c r ew- t r ans fe r  

mode of o p e r a t i o n ,  a n  inc remen ta l  o p e r a t i n g  c o s t  would be i n c u r r e d .  

It seems a p p r o p r i a t e  t o  compare t h i s  w i t h  s i m i l a r  c o s t s  a s s o c i a t e d  

w i t h  t h e  c u r r e n t  approach ,  which p rov ides  f o r  bo th  cont inued  launching  

o f  S a t u r n  1 B ' s  f o r  s p a c e c r a f t  development (us ing  CSM's on ly )  and con- 

t i n u a t i o n  o f  t h e  S a t u r n  u n t i l  i t  i s  man-rated.  
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I f  t h e  S a t u r n  5 were not  y e t  man-rated,  f l i g h t s  subsequent  t o  503 ( s e e  

Table  4 i n  S e c t i o n  111) probably  would n o t  i n c l u d e  t h e  f u l l y  equipped 

Apol lo  s p a c e c r a f t  necessa ry  f o r  t h e  ea r th -o rb i t - r endezvous  cont ingency  

p l a n .  Thus, t h e  cont ingency  p l an  would r e q u i r e  a n  Apollo s p a c e c r a f t  

(CSM, LEM, and an  a d d i t i o n a l  drogue)  a t  an  o p e r a t i o n  c o s t  o f  about  

$135 m i l l i o n  f o r  each ea r th -o rb i t - r endezvous  a t t e m p t .  (I6) 

c rew- t r ans fe r  a t t empt  were u n s u c c e s s f u l ,  t h i s  f i g u r e  would r e p r e s e n t  

t h e  i n c r e a s e d  program c o s t  (per  a t t empt )  beyond t h a t  o f  t h e  c u r r e n t  

approach o f  c o n t i n u i n g  t h e  Sa tu rn  5 f l i g h t - t e s t  program u n t i l  i t  i s  

man-rated.  I f ,  on t h e  o t h e r  hand, t h e  c rew- t r ans fe r  a t t empt  i s  suc-  

c e s s f u l ,  t hen  a t  l e a s t  one less S a t u r n  5 f l i g h t  would be r e q u i r e d ,  a t  

a s a v i n g  o f  $150 m i l l i o n ,  and t h e  luna r  landing  could be made a t  least  

t h r e e  months ea r l i e r  than  wi th  the  c u r r e n t  Apollo Contingency p l a n ,  

t he reby  r educ ing  f u r t h e r  t h e  NASA manned space  program c o s t  a t t r i b u -  

t a b l e  t o  the Apollo program. 

I f  t h e  

A d e t a i l e d  c o s t  a n a l y s i s  would have t o  cons ide r  a r ange  o f  add i -  

t i o n a l  unmanned S a t u r n  5 f l i g h t s  f o r  man-ra t ing  and t o  b r a c k e t  r eason-  

a b l e  p r o b a b i l i t i e s  o f  success  f o r  e a r t h - o r b i t  crew t r a n s f e r  ( i n c l u d i n g  

t h e  p r o b a b i l i t y  of launch-vehic le  s u c c e s s ) .  To i l l u s t r a t e  t h i s ,  t h e  

e s t i m a t e d  r e d u c t i o n  i n  t h e  program c o s t  t o  t h e  f i r s t  l una r  l and ing  i s  

p l o t t e d  i n  F i g .  3 a g a i n s t  t h e  number o f  Sa tu rn  5 launches necessa ry  

f o r  man- ra t ing .  The curves  i n d i c a t e  t h e  c o s t  d i f f e r e n c e  f o r  100, 75,  

and 50 p e r c e n t  success  o f  t h e  a l t e r n a t i v e  cont ingency  p l a n  assuming 
p e r f e c t  Apollo mis s ion  success  a f t e r  man-ra t ing  S a t u r n  5 .  On each  

curve  t h e  c i r c l e d  p o i n t s  d e s i g n a t e  t h e  S a t u r n  5 launch (unmanned) on 

which t h e  lunar  l and ing  i s  accomplished,  i . e . ,  when t h r e e  s u c c e s s f u l  

crew t r a n s f e r s  a r e  accomplished.  For example, i f  S a t u r n  5 were t o  

encounter  man-ra t ing  problems r e q u i r i n g  t h r e e  a d d i t i o n a l  unmanned 

launches (making a t o t a l  o f  s i x ) ,  t h e n  t h e  c o s t  of t h e  f i r s t  l una r  

landing  u s i n g  the  a l t e r n a t i v e  cont ingency  p l a n  (assuming 100 pe rcen t  

* 

* 
The c o s t  r e d u c t i o n  shown i n  F i g .  3 i s  c a l c u l a t e d  by s u b t r a c t i n g  

the  c o s t  o f  t h e  f i r s t  lunar  landing  achieved  w i t h  t h e  e a r t h - o r b i t  
c r ew- t r ans fe r  mode o f  o p e r a t i o n  from t h e  c o s t  o f  accompl ish ing  t h e  
same l and ing  w i t h  t h e  c u r r e n t  cont ingency  p l a n ,  d e l a y i n g  t h e  lunar  
l and ing  u n t i l  t h e  S a t u r n  5 i s  man-rated.  These c o s t s  account  f o r  d i f -  
f e r e n c e s  i n  launch v e h i c l e s  c e c r a f t  launched,  and i n  program 
o p e r a t i n g  e x p e n d i t u r e s .  



3aGbui= 
-28-  

> 

L 
U i 3  C 

cu u) 0 

0 

c- 

m c 
-u c 
m 
L 

.- 
- 
m c 
3 - 
e 
v) 
L 
Y- 
.- 
O e 
I 

S 
m 
a 

V 
S 
a 
m 
I= 

c 
0 
0 

a> > 
m 
c 
L a 
2E 
co 

O 
v) 

0 

m 
V 

- 

.- e 

.- e 

Y- 

.- e 

.- - iz .- 



-29- 

success) would be about $1.2 billion less than if the lunar landing 
were delayed until the Saturn 5 is man-rated and then the landing pro- 

gram continued as planned. Another interpretation of this cost reduc- 

tion or "savings" is that use of the alternative contingency plan 

could increase by about $1.2 billion the resources (i.e., launch ve- 

hicles, spacecraft, etc.) not used by the Apollo program and there- 

fore available for transfer to other advanced manned missions, e.g., 

subsequent lunar landings. 

To illustrate the hardware requirements and program duration for 

the above example, a comparison is made in Table 9 between the present 

Apollo program, with and without a man-rating problem, and the earth- 

orbit-rendezvous contingency plan, with and without a failure during 

one of the crew-transfer attempts. If as in Situation 2 (Table 9) 
three unmanned Saturn 5 flights were to be required for man-rating 
the Saturn 5, the date of the first lunar landing would be delayed 

about seven to nine months and the cost of the additional spacecraft 

and launch vehicles would be about $850 million. On the other hand, 

the use of the earth-orbit-rendezvous contingency plan would provide 

the possibility of maintaining the present scheduled lunar-landing 

date, provided that all of the crew-transfer attempts were successful 

(Situation 3 ) .  Furthermore, the associated cost of  the additional 

CSM's  and Saturn 1 B  launch vehicles would be about $400 million. 

ever, if one of the crew-transfer attempts were unsuccessful (Situa- 
tion 4 ) ,  the lunar landing could still be made four to six months 

earlier and at a lower incremental cost than by continuing the unmanned 

Saturn 5 flight tests until it is man-rated (i.e., Situation 2). In- 

cremental costs shown in Table 9 do not include the effect of changes 
in program duration on operating costs not directly associated with 

launch vehicles and spacecraft. 

the Apollo program is expected to be about $100 million per month. 
Adding this expenditure to the hardware costs of Situations 2 and 3 

in Table 9 and computing the difference, one obtains (approximately) 

the $1.2 billion reduction in cost for the f i r s t  lunar landing prev- 

iously discussed. 

* 

How- 

During 1968 the expenditure rate of 

* 
In each case the Apollo missions are considered completely suc- 

cessful following man-rating of Saturn 5 .  

EfECREF, 
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ALTERNATIVE APPLICATIONS 

Although an ea r th -o rb i t - r endezvous  cont ingency  p l a n  has  been sug-  

ges t ed  h e r e  because of  t h e  p o t e n t i a l  problems involved  i n  man-ra t ing  

t h e  Apol lo  S a t u r n  5 launch v e h i c l e ,  t h i s  mode may a l s o  have o t h e r  

a p p l i c a t i o n s ,  such  as i n  connec t ion  wi th  r e scue  mis s ions .  Another 

i n t e r e s t i n g  a r e a ,  and one we exp lo re  b r i e f l y  h e r e ,  i s  t h e  p o s s i b l e  

a p p l i c a t i o n  o f  t h e  cont ingency  p l an  t o  t h e  p o t e n t i a l  problem o f  space-  

c r a f t  weight  growth.  The weight  h i s t o r y  of  t h e  Mercury s p a c e c r a f t  (3)  

i n d i c a t e s  t h a t  t h e  weight  o f  t h e  s p a c e c r a f t  i n c r e a s e d  an average  of  

about  10 l b  per  week e a r l y  i n  t h e  program and then  dropped t o  around 

2 l b  per  week near  t h e  end.  The weight-growth curve  f o r  Mercury i s  

shown i n  F i g .  4 ,  from which i t  can be seen  t h a t  t h e  s p a c e c r a f t  weight  

i nc reased  about  700 l b  d u r i n g  t h e  program. Perhaps more s i g n i f i c a n t  

t han  the  magnitude of  t h e  weight growth is  t h e  f a c t  t h a t  t h e  weight-  

growth problem was cons ide red  a s  " c r i t i c a l "  and one which "almost de- 

f i e d  t h e  s t e p s  t aken  t o  c o n t r o l  i t . "  (3) 

t h i s  l e s son :  

Reference 3 a l s o  p o i n t s  o u t  

. . . p  r o p e r  p lanning  must account  f o r  t h e  i n e v i t a b l e  
weight  growth i n  t h e  d e s i g n  and development of  h igh-  
performance s p a c e c r a f t ,  s i n c e  t h e  consequence o f  no t  
p l ann ing  a r e  e i t h e r  a deg rada t ion  of t h e  performance 
goa l  o r  exceeding  the  c a p a b i l i t y  of t h e  launch v e h i c l e  
w i t h  i t s  a t t e n d a n t  d e l a y s  [ t o  i n c r e a s e  boos te r  t h r u s t  
and p r o p e l l a n t  load] .  

Because o f  t h e  s e r i o u s n e s s  o f  t h i s  problem, s t u d i e s  of f u t u r e  

manned space  a c t i v i t i e s ( 1 7 )  have t r i e d  t o  p r e d i c t  t h e  weight  growth 

o f  s p a c e c r a f t  ( s e e  F i g .  5 ) .  A s  shown i n  F i g .  5 ,  t h e  expec ted  weight  

growth f o r  Apollo i s  between 20 and 30 p e r c e n t .  NASA r e c e n t l y  i n -  

c r eased  t h e  weight of  t h e  Apollo s p a c e c r a f t  by about  5 pe rcen t  and 

implemented a more s t r i n g e n t  we igh t - con t ro l  system i n  o r d e r  t o  avoid  

exceeding  t h e  remain ing  2 pe rcen t  u n a l l o c a t e d  payload margin .  I f ,  

however, t he  Apollo s p a c e c r a f t  weight  con t inues  t o  i n c r e a s e ,  t hen  i t  

appea r s  r easonab le  t o  assume t h a t  t h e  S a t u r n  5 launch v e h i c l e  w i l l  

be up ra t ed  r a t h e r  t han  s a c r i f i c i n g  s p a c e c r a f t  performance.  
* 

* 
An a l t e r n a t i v e  s o l u t i o n  f o r  a s p a c e c r a f t  weight-growth problem 

i s  t o  u s e  d u a l  launches i e a r t h - o r b i t  assembly o r  
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Severa l  s t u d i e s  have been made o f  techniques  f o r  u p r a t i n g  S a t u r n  

5 .  While most o f  t h e s e  s t u d i e s  have been done i n  t h e  c o n t e x t  o f  a l -  

t e r n a t i v e  mis s ions  f o r  S a t u r n  5 ,  t hey  i l l u s t r a t e  t h e  m o d i f i c a t i o n s  

necessary  f o r  a range  o f  payload i n c r e a s e s .  For example, Table  10 

summarizes p e r t i n e n t  r e s u l t s  from an u p r a t i n g  s t u d y  conducted by 

Marsha l l  Space F l i g h t  C e n t e r .  (I8) 

s p a c e c r a f t  weight growth o f  about  5 t o  10 pe rcen t  could be handled by 

i n c r e a s i n g  the  t h r u s t  and p r o p e l l a n t  tankage of  t h e  f i r s t  s t a g e .  Such 

an i n c r e a s e  could probably r e s u l t  from a normal product-improvement 

program. To handle  a l a r g e  i n c r e a s e  i n  s p a c e c r a f t  weight ( i . e . ,  30 t o  

40 p e r c e n t ) ,  however, r e q u i r e s  e i t h e r  t h e  use  of  new high-performance 

upper s t a g e s  o r  s t r a p - o n  s o l i d  r o c k e t s .  E i t h e r  approach w i l l  r e q u i r e  

a lengthy  development and f l i g h t - t e s t  program b e f o r e  t h e  v e h i c l e  can 

be cons ide red  man-ra ted .  I n  a d d i t i o n ,  c o s t  e s t i m a t e s  f o r  a S a t u r n  5 

improvement s i m i l a r  t o  example C i n  Table  10 i n d i c a t e  t h a t  t h e  non- 

r e c u r r i n g  c o s t s  (items such a s  i n i t i a l  d e s i g n  and development eng i -  

n e e r i n g  and i n i t i a l  t o o l i n g )  would be about  50 pe rcen t  of  t h e  p r e s e n t  

e s t i m a t e  f o r  S a t u r n  5 .  

From t h i s  t a b l e  i t  can be s e e n  t h a t  

(19) 

I f  t h e  weight  o f  t h e  Apollo s p a c e c r a f t  i n c r e a s e s  s u f f i c i e n t l y  be- 

tween now and t h e  t ime of o p e r a t i o n a l  u s e  (1968) t o  r e q u i r e  a sub- 

s t a n t i a l  u p r a t i n g  o f  Sa tu rn  5 ,  t hen  t h e  ea r th -o rb i t - r endezvous  concept  

o f f e r s  a means of  r educ ing  t h e  t i m e  needed b e f o r e  t h e  up ra t ed  S a t u r n  5 

can  be used a s  p a r t  o f  manned m i s s i o n s .  A s  b e f o r e ,  t h e  s p a c e c r a f t  

could be launched by an  up ra t ed  bu t  no t  man-rated S a t u r n  5 launch ve- 

h i c l e ,  and t h e  men could be s e n t  a l o f t  v i a  a man-rated f e r r y  v e h i c l e .  

O r ,  i n  a program where a new boos te r  i s  r e q u i r e d  but  t h e  i n i t i a t i o n  

d a t e  f o r  manned f l i g h t  i s  n o t  c r i t i c a l ,  t hen  t h e  u s e  of  t h e  e a r t h -  

o rb i t - r endezvous  technique  a l lows  postponement of  t h e  go-ahead d e c i s i o n  

f o r  t h e  b o o s t e r .  The l e n g t h  of  t h i s  postponement would be e q u i v a l e n t  

r e f u e l i n g .  An a n a l y s i s  o f  t h i s  approach has  n o t  been cons ide red  i n  
t h i s  Memorandum because (1) no r e s e a r c h  a c t i v i t y  i s  be ing  cons ide red  
t o  suppor t  t h e  f e a s i b i l i t y  of t h e s e  t echn iques  and (2) t o  suppor t  a 
s p a c e c r a f t  weight  growth of  more t h a n  about  10 pe rcen t  n e c e s s i t a t e s  
t h e  launching  of  e i t h e r  two Sa tu rn  5 v e h i c l e s  o r  m u l t i p l e  S a t u r n  1 B ' s  
p lus  a S a t u r n  5.  
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Table  10 
(18) SATURN 5 UPRATING 

Sa tu rn  5 Modi f i ca t ions  

A. S tandard  launch v e h i c l e  

B.  F i r s t - s t a g e  t h r u s t  i n c r e a s e  8%, 

C .  F i r s t - s t a g e  t h r u s t  i n c r e a s e  20% 

p l u s  l a r g e r  t anks  

p l u s  l a r g e r  t anks  

crease t o  5.4  

s t a g e  

Second-stage mix tu re  r a t i o  i n -  

New h igh -p res su re  LOX-LH t h i r d  

D.  Four 156-in-dia  s o l i d  s t r a p - o n ' s  
F i r s t -  and second-s tage  t anks  

i n c r e a s e d  10% 

Spacec ra f t  
Gross Weight 

O b )  

90,000 

95,600 

124,600 

133,000 

Weight 
I n c r e a s e  
(pe rcen t  ) 

0 

6.2 

38.4 

48 

t o  t h e  time normally necessa ry  f o r  man-ra t ing  the  b o o s t e r .  The advan- 

tage  of postponing t h e  boos te r  d e c i s i o n  i s  t h a t  more knowledge w i l l  be 

a v a i l a b l e  on the  o p e r a t i o n a l  s p a c e c r a f t  and consequent boos te r -per form-  

ance r equ i r emen t s .  
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